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SECOND  ANNUAL REPORT

OF THE

UNITED STA'l‘Eb GEOLOGICAL SURVEY

By J. W. PowEgLL, Director.

INTRODUCTORY.

On the 11th’ of Malch 1881, M. Clarence Klng retired from
his office as Director of the Geological Survey The follow-
ing is his letter of resignation:

To the PRESIDENT OF THE UNITED STATES,
Ezecutive Mansion, Washington, D. C.

Sir : Finding that the administration of my office leaves me no time
for personal geological labors, and believing that I can render more
important service to science as an investigator than as the head of an
executive bureau, I have the honor herewith to offer my resignation as
Director of the Geological Survey. :

Very respectfully, your obedient servant, :
' ) CLARENCE KING. -

On the 12th of March the above resignation was accepted
by the following letter:

. EXECUTIVE MANSION, March 12, 1881.
. DEAR SI1r: In accepting your resignation, which I do with relne-
tance, permit me to express my appreciation of your efficient services
to the government during your term of ofﬁce, ax%d my regret that you
do not find it possible to longer remain in charge of the Geological
Bureau.

Very truly, yours, JAMES A. GARFIELD

Mr. CLARENCE KinGg, Washington, D. C.

On the 14th day of the same month the President nomi-
nated John W. Powell, of Illinois, as Director of the Geolog-

ical Survey. On the 18th the nomination was confirmed by
) : XI



X11 REPORT OF THE DIRECTOR.

the Senate, and on the 19th the oath of office was adminis-
tered to him.

It will thus be seen that at the close of the fiscal year for
which this report is prepared the Director has held the position
for less than three and a half months. Under these circum-
stances it is thought best that he should not himself give an
extended account of the operations of the Survey for the year,
but should publish in lieu thereof the administrative reports of
the several heads of divisions, which are subjoined.

Coming to the work from a long and successful experience,
Mr. King elaborated a comprehensive plan of operations and
vigorously prosecuted the same through the assistance of a
wisely selected corps of geologists and specialists. It would
have been fortunate if this work could have been completed
and published under his administration. As it was, no change
was made in the plan of operations or methods of investiga-
tion. To complete what he had begun was the proper course.

At the close of the fiscal year it is found that a large amount
of matter is ready for publication. The whole will be issued
in a series of monographs, prepared by the gentlemen who
have prosecuted the work in the field. In this volume a
synopsis of each appears.

The monographs are designed for specialists, and in each
case present a vast array of facts on which conclusions are
based.

The summaries present the great facts and conclusions
reached, in a manner adapted to the reading public of the
United States.

TERTIARY HISTORY OF THE GRAND CANON DISTRICT, BY CAPT.
C. E. DUTTON.

The monograph of Captain Dutton on the Grand Cafion
District is now nearly ready for the printer. It is the first
discussion in monographic form of the results obtained by the
study of this remarkable region.



REPORT OF THE DIRECTOR. XIIX

The district was for many years the field of research of the
present Director. Some of the results of his investigatious
have appeared in the report on the Colorado River and in the
report on the Uinta Mountains.* The first exploration of the
country was made by himself; its geographic survey was
largely made under his own eye; and to its geologic structure
he has given years of laborious study During this time he
hoped finally to present an extended monograph on the distriet,
which should be the chief work of his life, but administrative
duties ever pressed upon him and occupied his time, and the
wide scope of research under his direction made it necessary
for him to devote a portion of his energies to other branches—
especially to geography and anthropology.

During the progress of his geologic investigations new ques-
tions in structural and in dynamic geology were presented,
demanding more .extended examination and re-examination;
and thus it happened that when the various United States
geographic and geologic surveys were consolidated the work
was incomplete. At that time, with his hearty support, Mr.
Clarence King was made Director of the Survey, and Mr.
Powell himself, Director of the Bureau of Ethnology.

Thus the present Director was by circumstances taken from
the field of geologic research so long cultivated by him, and
placed in a field in which he had intermittently been engaged
for many years. The change was supposed to be permanent,
and he gave up all thought of continuing his work as a geolo-
gist. 'The abandonment of his long-cherished hope and ambi-
tion caused less regret from the fact that the subject of study
could be transferred to Captain Dutton, who had been his as-
sistant and collaborator for several years, and who had alreddy
completed a monograph upon an adjoining and intimately re-

*Exploration of the Colorado River of the West and 1ts tributaries. Explored in
1369, 1870, 1671, and 1872, under the duection of the Secretary of the Smithsonian In-
stitution Washingten. Government Printing Office 1875, 2 p 11 pp, I-XI, 1-291,
A°.

Department of the Interiol. U. S Geological and Geographical Survey of the Ter-
ritories. Second Division. J W, Powell, Geologistin charge. Report on the Geology
of the Eastern Portion of the Umnta Mountamns and a region of country adjacent
thereto, With atlas. By J. W. Powell. Washington: Government Printmng Office.
»876. pp. I-VIL, 1-218, 4°,
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lated district—that of the High Plateaus of Utah. Captain
Datton’s agsumption of the work was a source of special grati-
fication because he entertained views substantially identical
with those of the present Director concerning the physical laws
and processes which have combined to produce the wonderful
features of the region.

Scientific men will regret the change even less than the pres-
ent Director, for Captain Dutton has pursued wise methods of
research and arrived at philosophic conclusions that make his
monograph a great contribution to knowledge.

In his report appedring in this volume, and in the monograph
soon to appear, he does not undertake to give an exhaustive
account of the entire range of the geology of the district, but
limits himself to the discussion of its Tertiary history and of
the problems of physical geology involved therein. The his-
tory and structure of the older rocks offer problems of equal
interest, and to these the Director hopes to turn his attention
at no distant day.

Within the district three great groups of facts are presented—
displacement, degradation, and volcanism. .

By far the most striking of these is the vast amount of atmos-
pheric degradation to which the region has been subjected.
He arrays the evidences which lead to the conclusion that the
entire district wherein Carboniferous beds now occupy the sur-
face was formerly covered by the whole Mesozoic system found
in the geologic province, and probably also by the lower
Eocene, and that these strata, having a thickness of from 8,500
to 11,000 feet, have been eroded since the middle Eocene
from the Carboniferous platform.

Progressive uplifting was the accompaniment of this pro-
gressive denudation—the uplifting in most localities being more
than 16,000 feet. With the progressive upheaval the region
was divided into- blocks by faults and monoclinal flexures
crossing chiefly in a north and south direction.

This faulting and differential uplifting took place in such a
manner that the blocks lying between the faults and mono-
clinal flexures were rarely themselves greatly flexed or tilted.
They preserved approximate horizontality, but were uplifted
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in differing amounts, so that a common geologic horizon is found
at different altitudes in passing from block to block.

The uplifting of these great blocks and the concomitant
faulting and flexing at their margins or lines of severance were
at some periods accompanied by volcanic outbreaks, chiefly
basaltic.

The phenomena of displacement appearing in the uplifting
of the blocks and in the faulting and flexure at their margins,
the phenomena of drainage and atmospheric degradation and
the climatic changes revealed therein, and the phenomena of
volcanism, have been grouped by Captain Dutton in such a
manner as to show the progressive evolution of the physical
features of the region through Tertiary to the present time.

The geologic history deduced is substantially as follows:

From the beginning of the Carboniferous period to the close
of the Cretaceous the Plateau Province was an area of con-
tinuous deposition. In that long succession of periods, from
12,000 to 15,000 feet of strata accumulated over its entire
extent. At the close of the Cretaceous, important disturbances
took place, as a result of which the province, which had been
a marine area, became a lacustrine area, and for a time Eocene
lacustrine strata were deposited over the greater part of its
surface. But at length new displacements began by faulting,
flexing, and upheaving; the lacustrine area was drained, and -
as the waters receded over its surface a river system was laid
out. s
The configuration of that system was determined by the
form of the emerging surface. Its trunk was the Colorado,
and the larger tributaries were in part the longer and more
voluminous affluents which still exist. Perhaps some minor
tributaries have been obliterated. The new-made land was
attacked by the atmospheric agencies of degradation, which
carried away the greater part of the Cenozoic and Mesozoic
formations, and the steadily increasing elevation of the country
uccelerated the degradation.

Captain Dutton concludes that the greater part of the denu-
dation was accomplished during Eocene and Miocene time, and
that at the close of the latter the Grand Canon district had lost
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nearly the whole of its Mesozoic strata. From this point of
time—the close of the Miocene or beginning of the Pliocene—
is dated the origin of the present Grand Caron of the Colorado.
Prior to that time the river had been engaged in cutting through
8,000 to 10,000 feet of strata which formerly covered the for- '
mations now seen in the crests of the cafion walls. The exca-
vation of the present chasm is the work of the Pliocene and
Quaternary periods.

The paper in this volume, as well as the more formal mono-
graph, will be illustrated by drawings and sketches from the
pencil of Mr. W. H. Holmes, who combines artistic ability with
wide experience in geologic research. Only the artist and
geologist combined could have graphically presented the sub-
ject in a manner so instructive and beautiful. With the mon-
ograph will appear an atlas of maps, sections, and other illus-
trations.

THE HISTORY OF LAKE BONNEVILLE, BY MR. G. X. GILBERT.

Mr. Gilbert’s study of Lake Bonneville, the lake which dur-
ing Quaternary time occupied the desert basin of western
Utah, was begun ten years ago, at which time he was attached

_to the geographic corps of Capt. George M Wheeler, of the

United States Engineers. Since that time his duties as a mem-
ber of the Survey of the Rocky Mountain Region have carried
him repeatedly to the same district and permitted him to con-
tinue his study of the ancient lake. He had thus accumulated
before the organization of the present Survey a considerable
body of facts, and had-already published an outline of the
subject. As a member of the new organization he has devoted
his time almost exclusively to this research, complementing the
material previously gathered and setting at rest the greater
number of the questions that had been raised. His field in-
vestigation was completed last summer, and he is now engaged
in preparing a monograph on the subject—the principal con-
clusions of which are outlined in his paper appearing in this
volune.
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His work 15 especially interesting to students of the glacial
phenomena of the Quaternary—not, indeed, becaise he has
dealt largely with simmlar phenomena n the Gieat Basin, but
because the rise and fall of an inland lake whicb has no out-
let, record 1n a pecularly accuiate manner the local oscilla-
tions of chimate, so that s 1esults serve to determuine by the
a1d of entirely independent data a succession of chmatic events
coeval with those recorded by the ancient glaciers

The history of Lake Bonnewille as deduced by Mr Ghlbert
18 as follows

First, the waters weie low, occupying, as Great Salt Lake
now does, only a limited portion of the bottom of the basin
Then they gradually rose and spread, forming an inland sea
nearly equal to Lake Huron 1n extent, with a maximum depth
of one thousand feet Then the wateis fell and the lake not
merely dwindled in size but absolutely disappeared, leaving
a plain even mole desolate than the Great Salt Lake Desert
of to-day Then they agamn rose, surpassing even their for-
mer height, and eventually overflowing the basin at 1ts north-
ern edge, sending a tributary stteam to the Columbia River
And, last, there was a second recession, and the water shrunk
away—until now only Great Salt Lake and two smaller lakes
remaim

Translated into terms of chmate these changes imply that
there were two epochs of excessive moisture—or else ot excess-
ive cold—separated by an inteival of superlative diyness and
preceded by a chmatic period comparable with the present
The first epoch of hamidity was by far the longer, and the
second, which caused the overflow of the waters, the more 1n-
tense

A similar study of a similar Quaternary lake has been 1mt-
ated under Mr Galbeit’s direction by Mi I C Russell, and 1t
15 intended that the entire district of the Gieat Basin shall be
subjected to investigations of ths natme If other districts
prove as 1ustructive as the basin of Lake Bonneville, the ch-
matic hstory of Western America during the last geologic
period will become well known

II G A
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GEOLOGY OF THE EUREKA DISTRICT, BY MR. ARNOLD HAGUE.

The field of Mr. Hague’s researches, known as the * Eureka
District,” is in Central Nevada, and embraces a tract about
twenty miles square. _

Between the Sierra Nevada on the west and the Rocky
Mountains on the east lies the Great Basin, broken by a sys-
tem of individual mountain ranges usually lying in a north
and south direction. The general type of its orographic
structure is quite distinct from that of the mountains on the west,
the Sierra Nevada and Coast Ranges, and also from the Rocky
Mountains on the east and the Appalachian of the Atlantic
region.

In general, the rocks of the Great Basin are known to be
greatly faulted. The mountains usually consist of uplifted
and uptilted blocks of strata, severed from each other and from
the non-uplifted portions by fault planes; and these blocks are
complicated with and sometimes masked by formations of vol-
canic origin. For the more thorough comprehension of this
type of structure it is necessary to add to their general examin-
ation a special and elaborate study of limited portions. This
has been well accomplished by the labors of Mr. Hague and
his assistants.

The Eureka District is a center of important mining opera-
tions, and for economic considerations its elaborate and thor-
ough study is demanded. The general structural geology must
be known in order to determine the extent and geologic rela-
tions of the ore bodies, and it is proposed to supplement this
study of its general geology by another of its mining geology.

Mr. Hague'’s field work in general geology is now completed
and a monograph upon the subject is in an advanced state of

preparation. With his executive report he gives a brief sum-
" mary of its contents, announcing that it will comprise—

1st. A detailed account of the rock formations as exhibited
on the map and shown in a series of comparative cross-sec-
tions.

2d. A detailed description of the great series of Paleozoic
sedimentary formations, embracing 20,000 feet of strata and
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extending fiom the base of the Cambrian into the upper Coal
Measure limestone 'The various escarpments of the faulted
blocks have afforded excellent opportumties for tracing the
series and obtamming the 1elations of the sedimentary forma-
tions

3d An account of some of the moie important movements
in displacement, by which the formations have been broken
mto blocks and brought into their present positions

4th A history of the Tertiary volecanic action with its geo-
logic phenomena, an activity which prevailed through a long
time, duting which all the principal types of volecame rock,
except trachyte, found then way to the surface

5th A discussion of the relations of the voleanic rocks to the
sedimentary formations, and of the connection between the
great north and south hnes of faulting and the lines of 1gneous
outburst

6th A statement of the position and geologic horizon of the
more 1mportant propeities of the several mining distrcts, and of
the relations of the ore deposits to the Tertiary and pre-Tertiary
c1ystalline 10cks

An atlas of twelve sheets will accompany the monograph,
the map bemng published on a scale of 1,600 feet to the inch,
with 50 vertical intervals of 50 feet each between contours—
a scale large enough to lay down with accuracy the bound-
artes of the geologic formations and to indicate the lhines of
faulting

The Paleozoic system of the district embraces the Cambuian,
Silurian, Devoman, and Carbomfeious periods, and to repre-
sent the several formations of each, twenty-five color distine-
tions are needed, while among the 1gneous 10cks nine types
ate 1ecogmzed and nine colors 1equued for representation
These particulars show how elaboiately the survey has been
made

Mi Hague's report will constitute an important contmbution
to structural geology, will contamn valuable information
economic geology, and will be the foundation essential to a
final monograph on the economic geology of the district

This report goes to the printer at a later date than that of

[
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M: Hague’s letter 1n the body of this volume, and he desires
me to publish the following statement

Accompanying the report of progress in the Eureka survey will bé
tound a small map of Ruby Hill and the immediate vicinity, in which
nearly all the more 1mportant stlver producing mines are situated Tt
was prepared from one of the laiger topographic maps, 1n advance of
other map work, for the purpose of presenting 1t with the annual letter

By reference to the map (Plate IX) 1t will be seen that the hmestone
body upon the north and east sides of Ruby Hill, which carries the
great ore deposits of the Richmond, Eu1eka Consolhidated, and adjoin
g mines, 18 placed upon structural and paleontological evidence 1n the
Prospect Mountain Iimestone, which has been placed 1n the Cambran
period

On this map the Cambrian beds have been carried up m the conform
able series of quartzites, hmestones, and shiles to mmclude the Eureka
quartzite at the summit, but stoce the map was printed 1t has been thought
best to draw the line between the Cimbran and Silarian periods at the
base ot the Pogomp limnestone, between 1t and the Hamburg shale
Drawing the hne 1n this way places the ore bodies of Ruby and Adam
hills 1n the Cambrian, while those to the northward mm the neighbor
hood of the Bullwhacker and Wilhamsburg mines are referred to the
Silurian

GEOLOGY OF LEADVILLE, BY MR 8§ F EMMONS

From the date of 1ts organization the Geological Survey
has been engaged in prosecuting investigations i economic
geology, that 1s, 1n researches having in view questions of 1m-
mediate and direct importance to the mmng industries of the
country All wisely conducted geologic mvestigations ulti-
mately result in a practical benefit to miming and correlated
industries The 1influence of general geology—that 1s, struct-
ural geology, with the aid of paleontology—is indirect, while
that of mining geology 1s direct But mimng geology 1s super-
fical and almost valueless unless 1t has a solid foundation 1n
structural geology

The occurrence, magnitude, and value of all ore deposits are
prnmanly related to geologic structme  The laws of this
relation are but partly known, as the science of mineral deposits
1s but imperfectly developed, but every year adds new facts,
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and geologists are gradually groping their way into the light
of a clearer knowledge of the subject For this reason 1t 1s the
policy of the Survey to conduct both hnes of reseairch 1n every
special district 1t attempts to examine

The origim of ore deposits 1s a question mnvolved in much
obscuiity  Its study 1equires careful and accurate chemical
and mineialogic woik, and 1nvolves the expendituie of much
time and money to obtain tiustwoirthy results The informa-
tion derived fiom actual excavations within the crust of the
earth 1s of importance The student of general geology may
often neglect these 1n safety, relying for the observation of his
facts on the exposures of formations appearing in the escaip-
ments of mountain gorges, hill sides, cation walls, and banks of
streams But fo1 the investigation of the phenomena of ore
deposits 1t 1s necessa1y to penetiate deeply below the present
surface so as to study 1n detail the foims, chaiactenstics, and
relations of ore bodies beyond the distmibing and bewildering
influence of suiface alteration The study of a single group of
mines which have been opened to a gieat depth affords moe
valuable mformation than many distiicts where workings have
penetrated but a few feet below the surface

Fo1 the above 1easons 1t 1s the plan of the Suivey to make
accurate and detailed monographs of single miming districts,
selecting first the most 1mpoitant fiom an economie and geo-
logic point of view

In pursuance ot this pohicy Mi S F Emmons with a corps
of assistants has been engaged in the study of the structural
and mining geology of a small distiict of country about Lead-
ville, Colonado

The problem presented at Leadville 1s one 1n which the form
and extent of the ore deposits are unusually dependent on geo-
logic structuie  Argentiferous lead ores are found 1mpregnat-
ing a certain bed of dolomitic hmestone of Caiboniferous age,
which 15 overlaid by intrusive sheets of porphyry of varying
character and thickness These rich ores are contaned m a
matrx or gangue of non, manganese, and clay, the whole form-
ing a vein material which has to a greater or less degree re-
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placed the hmestone bed—in some places to such an extent that.
none of the onginal sediment 1emains

By the forces involved in the uphift of the Mosquito Range,
11 which these deposits are found, the whole sedimentar y series,
mncluding the ore-beanng himestone, together with the intiusive
sheets of 1gneous 10ck, have been folded, faulted, and shatteied,
and subsequent degradation, acting since the commencement
of the Tertiary period, has laid baie miegular outciops of the
ore-bearing sttatum  These have again been laigely covered
by an accumulation of suiface gravels during and subsequent
to the Glaual period

In view of such complications of stiucture 1t 18 not surpris-
mg that varying and antagomstic views have been put forth by
those who have studied different portions of the district with-
out possessing a comprehensive view of the whole It has
only been by a most laborious and pamnstaking investigation,
aided by accurate and elaboiate maps, that M\r Emmons and his
assistants liave been enabled to uniavel this geologic tangle and
present in a clear and consistent form the simple facts which
underhe the whole

As a result of these labois, the matenial has been gathered
for a monographic 1eport on the Geology and Mining Industry
ot Leadwville, and 1ts preparation 1s now m progress M1 Em-
mons’s paper 1 this volume gives an abstract of the 1eport and
presents the general geologic structuie as well as may be with-
out the aid ot the numerous and detailed maps of the final atlas
In 1t he has also given the conclusions he has been enabled to
draw concerming the origin and the manner of formation of the
ore deposits, and has pomnted out theu probable continuance 1n
ground as yet unexplored The practical value of these 1nds-
cations to the mining commumty 1s evident at once  Thele
seems good 1eason for assuming that litherto only a small pro-
portion of the ore-bearng area has been developed, and that
by a systematic and 1ational system of exploration, based on
the data to be furmished by the maps and explanations of the
report, the present output of the district may be kept up, and
even 1ncreased, for many years to come

M: Emmons’s iews of the origin and manner of formation
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of the deposits differ essentially from those generally held, but
although novel, they are not simple theories. They are substan-
tiated by facts and actnal investigations which will be explained
in full in his report. He concludes that the metallic minerals
of the deposits were originally contained in the associated por-
phyries in a finely disseminated condition—only to be detected
by the most delicate tests. Percolating waters gathered them,
little by little, and deposited them in the limestone bed, dis-
solving out the limestone by chemical interchanges This took
place before the movements which disturbed the beds, and the
deposits were originally all sulphides Subsequently (by the
agency of water from the surface) the sulphides were gradu-
ally changed to the carbonates, chlorides, and oxides now found
in the mines. These are comparatively near the surface, and
when those portions of the deposits which have been less
exposed to the action of surface waters are reached the propor-
tion of sulphides will be found to increase and the ores may
become poorer in silver than those near the outcrops, where a
sort of natural concentration process has been going on.
Whatever may be the judgment of the scientific world upon
~ Mr. Emmong’s theoretic deductions, his monograph will prove
of great practical value for the future development of the
metallic wealth of the Rocky Mountains, since the extent of
this hitherto little studied class of deposits—of which Leadville
may properly be considered the type region—is- probably far
greater than has heretofore been suspected, and a knowledge of
their true character will greatly further their development.
Mr. Emmons’s work will also be a valuable contribution to
structural geology. The area surveyed presents a series of
sedimentary formations and laccolitic igneous intrusions, the
whole broken by faults and flexures into blocks which are tilted
and twisted in diverse directions; and the general structure
of the country in all its important details has been carefully
studied and will be delineated in his report. ‘
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GEOLOGY OF THE COMSTOCK LODE, BY MR G. F. BECKER

The Comstock Lode is in every respect a remarkable occur-
rence. The fact of its enormous production is familiar, but it
is not equally well known that its vertical workings are carried
to a greater depth than any in the world except those of Przi-
bram, in Bohemia. It also presents scientific problems of equal
obscurity and interest, which have attracted great attention
It wonld be a reproach to American geology to leave the char-
acter of so prominent a mining distriet nnsettled, and the pres-
ent investigation was undertaken in the hope that the addi-
tional facilities presented by the great extension of the mine
workings during late years and by recent advances in science
would permit a more satisfactory solution than has yet been
reached.

Mzr. Becker has reopened the discussion of propylite, a rock
the existence of which as an independent species was asserted
largely in consequence of its supposed occurrence in this local-
ity, and aided by the use of the microscope as a field instru-
ment, he has come to the conclusion that the rocks classed
under this name in the Washoe District are merely decomposed
forms of rock species previously known.

The Comstock mines show temperatures which are not
known to exist in any other workings in theworld. The heat
has ordinarily been ascribed to volcanic action, but of late
years has been attributed to kaolinization of feldspar. Ob-
servations and experiments have been made to test the ques-
tion, and the results are not in favor of the kaolinization hy-
pothesis. No rise of temperature could be clearly traced to
this action, while the vertical and horizontal curves of heat-
increment indicate that the source of heat is at a distance of
more, than two miles from the surface. It appears to have
been transmitted to the surrounding rock bodies laterally from
the walls of the lode. There is also strong evidence that this
action was, and to a trifling extent still is, accompanied by the
presence of the gases characteristic of the hot springs which:
attend volcanic eruptions, and Mr. Becker reaches the conclu-
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sion that the immediate neighborhood of the Comstock lode
must be considered as a solfatara, now almost extinct

The rock forming the east wall of the lode was found, when
fresh, to contain small quantities of the precious metals—quan-
tities which are continually reduced by decomposition The
facts accord well with the supposition that the ore was deposited
by “lateral secretion” at or near the contact between the dio-
rite (foot wall) and the diabase (hanging wall). It is on this
contact that all the important ore bodies have been found, and
the inference is unavoidable that the future discovery of remu-
nerative ore elsewhere is most unlikely. This forms a practical
guide of the utmost importance in the workings of the mines,
for of late the yearly expenditure on the Comstock in prospect-
ing where there was no chance of finding ore would suffice for
the support of the Geological Survey for a decade. It is pointed
out that explorations should be confined to the neighborhood of
this contact, and the conditions under which masses of the re-
munerative ore, or bonanzas, are likely to be encountered, are
considered. '

The report also contains discussions of some physical ques-
tions of interest. Veins usually occur on faults, and Mr. Becker
shows that where faulting is accompanied by horizontal com-
pression the results can be mathematically discussed. He thus
explains certain topographic features as the result of faulting.

At Mr. Becker’s suggestion, and under his direction, Dr. Carl
Barus has investigated the electric activity of ore bodies, both’
at the Comstock and at the lead-silver mines in Eureka. The
results are interesting from a theoretic point of view, and afford
hope that in certain classes of mines essential aid may be ren-
dered in prospecting by an examination of the electric isopo-
tentials.

Mr. Becker arrays a large body of facts in explanation of the
relation of ore bodies to the containing formations; of facts
relating to general structure produced by faulting; of facts
relating to the metamorphism of the rocks and the paragenesis
of minerals and ores; of facts relating to earth temperature and
its laws of increment; of facts relating to electric phenomena;
and of facts relating to the general structure of the mountain.
The report will be an important contribution to mining and
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structural geoloé‘y, and will play no small part in the estab-
lishment of sound theories respecting ore deposits and geologic
dynamics.

STATISTICS OF IRON, COAL, &C., BY PROF. RAPHAEL PUMPELLY.

In the organization of the Survey a division in charge of
Professor Pumpelly was entrusted with the gathering of statis-
tics relating to the mines and mining of the non-precious metals,
coal, and lesser mineral substances. Its work has consisted,
first, in gathering statistics of mines and mining; second, in a
special investigation of the iron ores of the United States, both
in the field and in the laboratory; and third, in the study of
the distribution and character of the copper-bearing rocks of .
Lake Superior. '

The collection of the statistics was performed in co-operation
with the Tenth Census, and involved the canvassing of 10,440
mining establishments. At each the inquiry was made to cover
a wide range of topics, including capacity, production, value
of product, subdivision of labor, capital, material consumed,
cost, power, accidents and insurance, destination and adapta-
tion of product; and the great majority of establishments were
visited in person by agents of the joint organization.

The investigation of the iron ores involved the collection of
commercial samples from most of the iron-ore deposits of the
United States. These samples were taken to show the average
chemical coustitution of the product for the census year, and
wherever it was important the separate portions of the deposit
were sampled in order to show the bearings of the different
portions upon the chemical character of the whole output.
Each sample consists of several thousands of pieces, and
weighs from ten to twenty pounds, and they number more
than thirteen hundred. All these liave been, or.will be,
analyzed, excepting those from Pennsylvania, for which state
it has been decided to adopt the results of the State Geological
Survey. The analyses are made for the most part to deter-
mine the amount of iron, phosphorus, and sulphur, but in every
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district the more important and typical are also being subjected
to an exhaustive analysis. The results of this work will show
not only the amount of ore produced in each district but also
its quality and adaptation.

As this volume goes to press the compilation and digestion
of the mining statistics have reached such a stage that Professor
Pumpelly is enabled to report the most important totals. The
following tables give the grand summaries for the non-precious
metals, coal, and lesser mineral substances, for the year ending
June 1, 1880. Table I presents the production and a variety
of collateral data for the United States as a whole. Table II
shows the amount and value of each mineral produced by each

state.

TABLE I.—Condensed Statement of Statistics of Regular Minming Establishments for the
Umited Stales, by Substances.
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TABLE I —Quantities and ralues of mineral production, by States and Substances.
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Sz iz sl 2o
] = 5 = S G $ (
< B A - = = H =
Dollars Tons Dollars Tons Dollars Tons Dellars
Alabama . . . | ... . | ... .. 322,034 | 475,569 184,110 189,108 T
Alaska Terntory | . .| ..... . . - . - SO B
Arnizona Terntory e - - .- - - .- T
Arkansas ... . - - 14,7781 33,535 .... .. SO I,
Cahforma ... .. - . 236,950 | 663,013 .... . R T .-
Colorado cee - 462,747 | 1,041,350 - - . . . - .-
Connecticut . . | ... .lo.... [ ...l - 35,018 147,799 .. ... . .. e
Delaware ..... - .- R . 2,726 6,553 .... . . e -
Georgia . . . | .. . ... - 154,644 | 231,605 72,705 120,692 . ... - --
Idaho Territory . . R P R P
Olmos - .. 6,089,514 | 8,739,755 .. . ... 772 30,200
Indiana .. .....-. 1,449,496 | 2,143,093 . . A
(03 A FURUE SN 1,442,333 2,473,155 . 384 19,172
Kansas .... -... 763,597 | 1,498,168 .. 10,681) 460,980
Kentucky .... .. 935,857 | 1,123,046 33,522 88,930 . - ..
Mame ..... S T RO R .- 6,000 9,000 . . ...
Maryland ..... .. ceee .. 12997844 2584 455| 57,940 | 118,050 ... -
Massachusetts .. | ..... .. |...... .. e ee - 62,637 | 226,130 | . .- -
Michigan ..... .. wee. =--| 100,800 224,500 | 1,834,712 | 6,034,648 | . . . ceen -
MIBSOUIY emvenn oo | o eeon | oaenen . 543,900 | 1,037,100 | 386,197 | 1,674,875 28,315 | 1,478,571
Montana Ternitory | . . . | ..... .. 224 800 . . —e en
Nebraska ...... -- | cooon oo feveoee oo 200 750 .... R O
Nevada - cooeoefovenns co v e foveane . - .- R I [ S
New Hampshire U SN . e . e . R SO ..
New Jersey - R O R R . .- | 754,873 2,900,442 ... . .. ceee -
New Mexico Ter'y. S SO U U S SO
New York . .. cee .. l-- - | 1,289,759 3499182 ..... .. [ ..... N
North Carolma .. | ..».. . [ ... .. 350 400 3,276 5102 ,..... I R
Oh1o ...l - . .. . . .- |5932,853 7,620,488 | 198835, 448,000 ... . .. [ .coeo .o
Oregon ...... ... e . - 43,205 97,810 6972, ., 4669 . . ... .. ..
Pennsylvama.. . 42,116,500 (18,075,548 |18,267,151 | 1,820,561 4,318,999 | . . . .. -
Rhode Island ... 15,440 - - . . . . SO .
South Carohna .. cee . .. .. .. R R .
Tconessee . .. .. .| 494,491 628954) 89,933| 129,951 60 2,500
Texas .... .... [ R .- - .. - -
Vermont...... .- N IR -- 560 2,750 1. . .. . -
Viugma..... . 7,800 40,520 92,837 169,683 | 384,351 11,200 33,000
Washington Ter'y 145,015 | 389,046 . R ceee
West Vairginia . .. . 1,792,570 | 1,971,847 60,371 88,6595 . . .
Wisconsm . e e .. R N 41,440 73,000 1,728 78,625
Wyommg Ter'y | ... . .. ]| _.... 589,595 1,080,451 {-.---. .. .- e - e -
Total .r...... 42,130,740 {41,860,035 (52,427,868 | 7,061,829 20,470,756 | 53,140 | 2,102 M8
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TABLE II.—Quantities and values of meneral production, by States and Subdstances.—Cont’d.
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< D -3 < [~ < o —
g - k= g = E] 2 2 8
-~ K o o ] fea? = =] o
- S S O = | [ 3 =
Tons Dollars | Pounds | Dollars. | Tons | Dollars. | Tons Dollars
Alabama . . . ... |..... . R . o RO e . 507,044 664, 667
Alaska Terntory - | .. . .. | ._.. . 3,033 e T Y P cer emmene
Arizona Ternitory {..... . ~ee .. 18183750 - -- e - R B ..
Arkangas ...-.. S A T ———— - N 14,778 33, 585
Calfforma ... . | ... ..} ..... . 720,000 .... .. )| 2,597 19,048 ... 682, 061
Colorado. -. «ee- « [ cevns oo |evonnn . 1,678 .. I 1, 041, 350
Comnecticut . -c-fieoieiin foneomvnns evnenn <. .- .. e - 35,018 147,799
Delaware ...... S DU S . 14,5101 163,310 17,236 169, 863
GeOrZa —ovoven .- S IO . 02| .. . . 120,135 | ... . 472, 432
Idaho Terntory - |..... I N 150,000 O e - e e e
Hlnois - ...-.. . 8,000 39,000 ... .. ---- oo . 102,824) ... . 8,911, 279
Indiana .... .. .0 ..o . | ... —— . 7,599 22,201 | 1,457,095 | 2,165,384
Tows . .. .- .. |.. . - cetvee e s 11,442,717 2,492, 307
Kansas .. . ... 7,248 477,693 ... e o | - I 781,526 | 2,436, 841
Kentucky .. .. - SO S O 069,379 1, 211, 976
Mane ..... R I 102,500 { 18,040 1 2,000 - . 29, 040
Margland .. . 672 7,200| 30,910 ... .| . 159,303} . .. . 2, 869, 008
Masgsachusetts A . I P 101,970 | . -- - 328, 100
Michigan .... ... eee o |- . l45830,2621 7,979,232 - 41,057 .. . .. | 14,279,437
Missonr: .... - 84,844 |- 599,373 | 230,717 25,730 .. --. 13,108 . .. .. 4, 828, 845
Montana Terrdtory .| . . . .. | . .. [1,212500) .... .. ] - ..l cee 800
Nebragka . -. .. 1 .. .. |..... S O e T . 200 750
Nevada . .. .. .| .... — - 184,730 | ~.. . .. 111 R e e eeeen-
New Hampshire - B 34,050 5993 . -. 112,550 | .. ... 118, 543
Now Jersey .. 39,381 451,070 .... - .. .| 33828] 40,270] 828081| 3,391,782
New Mexico Ter'y | . . ... .. 4,055 ..... T S .
Now York .. N .. N .- . . .} 1623,011) ... .. 5,122,143
North Carohpa . | ... - . .[1,640,000{ 350,000 .. ... 79,855 | ... . 435, 357
Oho . . wv eecfcee leeeeun oo ee el e e ee oo . Ll 631,688| 8,077,488
Oregon . ... . o | oo o toaeee foeeeee e RN PO 50,177 102, 478
Pennsylvamasa .... 20,459 | 394,568 214,736 36,256 .. . 426,102 .... .. | 63,559,576
Rhode Island - -- | ... N IS R - N . 6,176 15, 440
South Carelma .. | ... . | ... 7,427} 27,709 7,427 27,709
Tennessee  -. 3,699 22,145 152,880 .. -.. IO B R 783, 550
Texas .. .. - U L 1 S e ([
Vermont R 2,647,804 | 469,405] .. . 48,788 | .... 521,033
Virgima . - .... 10,448| 24,126 678 -... .. ..o 18128 ... . 721, 219
‘Washington Ter'y - . S U T 145,015 389, 046
West Virgima . .- A N I 4,500 ... . 2, 064, 942
Wisconsin .. - 4,617 64,562 18,087 1,649 .. .. 100,000 .. .. 317,636
Wyomng Ter'y - {. .. ..]| .. cee - U e - 589,595 1, 080, 451
Total ..... .. 123,868 | 2,079,737 {56,320,266 | 8,886,205 |... .. | 3,887,444 .. _.. . | 181,494,788
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The returns of lead and zine reduced to the metallic state
in smelting establishments are as follows:

LEAD.
= Pounds.

Smelted from OTe8 .ecun..vutiiioein ceimi it ceiiat caeaiae e e e 66,970, 838
Refined from base bullions, the principal value of which was silver..... 95,967,267
Total yield of metallic lead 1 census year...--c.coeue coneriacenn 162, 938, 105

ZINC.
Metallic zine or 8pelter ..o oo vei i et e i ccceciee ccetaaane- 46,477,999

Zinc ox1de produced in chemical works from ore 20,213,631 ponnds, equiva-

lent to metallic zmme...... ..o ool io... e 16, 203, 460
Total metallic zine, census year. . ... ... oeeiiiiiiisiainieannn ~ 62,681, 459

The grand total of the production of the non-precious
metals—bringing together the regular industrial production,
the irregular -production, and the production as a bye-product
in precious-metal mining—is as follows:

Tons. Value

Anthracite coal, regular product... ... ... .o.oo...o.. 28, 621, 371 $42, 139,740
Anthracite coal, irregular produet .. ... ... . L. 28, 441 56,938
Bituminous coal, regular produet ... ... ... oL 4}, 860, 055 52, 427, 868
Bituminous coal, irregular prodnet.... .. ... ... ... 916, 569 1, 092, 305

Totaleoal ..« v .o i i 71, 426, 436 95,716, 851
Iron ore, regular product ...... covveeiireir comannnnn. 7,061, 829 20, 470, 756
Irou ore, irregular produet ... ......... ... c...l... 909, 876 2,686,201

Total 1ront ore ........ A e ememaamean eamanamanae 7,971,705 23, 156, 957
Metallle copPer —cve oo i i i eiiceae ceecanan 54,172,017 9,458, 434
Metallic lead ..ce. cocieiimiaiis cacee i cceeaaan s 162, 933, 105 7,935, 140
Metallic zine ... ... ... ........ ceemameeom.... 62,681,459 4,240, 006
MINOr IINETBB. . oo ce e o e ot e ottt ceas cemmaanae eemee —aa-s 3,387,444

Total value of all non-precious miueral prodnet .................. 143, 894, 832

Three of Professor Purhpelly’s assistants will publish ex-
tended reports on the investigations specially assigned them—
Mr. Charles F. Johnson, jr., on the collation of the statistics,
Mr. Andrew A. Blair on the analysis of iron ores, and Dr. R.
D. Irving on the Lake Superior Copper Region.

Mr. Johnson’s report will set forth in a comprehensive way
the scope of the mining census so far as the non-precious
metals, coal, and the minor economic minerals are concerned;
will describe the methods employed in gathering the informa-
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tion, including the various checks to which the completeness
~and accuracy of the work were subjected; will place on record
the methods of compilation employed, and will discuss a por-
tion of the results.

Mr. Blair’s report on the iron ores will consist chiefly of
tabulated statements of the quantitative results of the analyses,
but will contain also a description of the analyses themselves, -
explaining in great detail both the mechanical processes by
which the various samples were treated preparatory to chemical
analyses and the chemical processes employed to obtain quan-
titative results. The number of samples is so great that it is
of the utmost importance not only that the methods of analysis
are the best known to science, but that a full and permanent
-record be made of the actual processes; and minute descrip-
tions of all the steps cannot fail to be of great service to science.
As an incident to his work, Mr. Blair has made an elaborate
investigation of the various methods in-use for the determina-
tion of the percentage of phosphorous in iron ores, and his
report will contain an historic and comparative discussion of
the subject. _

THE COPPER-BEARING ROCKS OF LAKE SUPERIOR, BY DR. R. D.
IRVING.

The copper-bearing beds of Lake Superior have excited
much interest and received an equal share of discussion. The
diversity of opinion in regard to them, which has occasioned
the discussion, is owing largely to two facts—first, that their
exposures occur in a country densely wooded and but sparsely
settled, so that the well-known localities are of limited extent;
and, second, that no one geologist has obtained a personal
acquaintance with all the known exposures. It is only recently
that they have been extensively explored.

One of the latest contributions to our knowledge of them
was made by Dr. R. D. Irving as a member of the Wisconsin
Greological Survey, and he has devoted the past year, under the
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auspices of the United States Geological Survey, to an explora-
tion intended to complement his knowledge and render possi-
ble a general discussion of the nature and distribution of the
rocks. His field work is now practically complete, and his
report, constituting one of the monographic series of the Sur
vey, will shortly be ready for the printer.

It will embrace—a brief account of his own explorations and
of the work and views of those who have preceded him; a
chapter on the general nature and extent of the copper-bearing
series; a chapter on the lithology of the series, including the
tabulated results of a microscopic study of some 800 sections;
a chapter on the general stratigraphy of the series; full
descriptions of all local developments of the rocks throughout
their whole extent; a discussion of their relations and the sev-
eral associated formations; a discussion of the structure of the
Lake Superior Basin; a brief description of the mode of occur-
rence of the copper, accompanied by general economic con-
clusions; and a summary of theoretic conclusions as to the
origin and structural relations of the formation.

The geograpbic extent of the series, now for the first time
known with an approach to completeness, will be given for
the basin of Lake Superior proper, with an extension into the
valley of the Upper Mississippi, embracing an area of about
41,000 square miles; and to this will be added a résumé of
recent explorations in Canada.

The total rock thickness of the series is very great, amount-
ing in some localities to upwards of 40,000 feet. Of this,
25,000 to 30,000 feet belong to a lower division, mainly made
up of lava flows, with more or less interbedded detrital material,
of which the characteristic beds are conglomerates; and the
remainder to an upper division, which is wholly detrital or
nearly-so. The subordinate statigraphy of the lower division
is from the nature of the case not constant; yet certain broad
facts have been made out which obtain throughout the extent
of the formation.

The fragments of which the conglomerates are composed are
found by Dr. Irving to be of three types of acidic rocks, be-
tween which there are gradations These are: (1) A non-
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quartziferous porphyry; (2) A quartziferous porphyry; and
(3) Certain granite-like rocks, including a syenite, a granitic
prophyry, and a true granite. The origin of these pebbles has
long been a matter of speculation, the.common opinion being
that they have been worn from rock masses included in the
Huronian; but Dr. Irving finds their original beds in the cop-
per series itself, of which they form a prominent feature, al-
though subordinate to the basic rocks in quantity.

The porphyries, which are more abundant than the grani-
toid rocks, occur in great beds that are relatively thick and of
small lateral extent as compared with those of the predomi-
nant basic rocks. The granitoid varieties appear chiefly in the
form of veins. = All are regarded by Dr. Irving as ancient rhy-
olites and trachytes, from the degradation of which the con-
glomerates of the series have resulted. .

The basic rocks of the series are conspicuously of eruptive
origin, and for the most part have originated as lava flows—
that is, they were extravasated at the time of their formation
upon the then existing surface of the country. Some of the
more coarsely crystalline beds may be intrusive, but this does
not appear probable. They range from 45 to 60 per cent in
their silica content, and thus include kinds exhibiting interme-
diate acidity as well as true basic kinds. Indeed, microscopic
study shows a complete gradation from the most basic to the
most acid. Thus, in this region of ancient eruptions, as in
modern volcanic regions, three kinds of eraptive materials—
basic, intermediate, and acidic—present themselves. Here,
however, the chronologic succession of intermediate, acidic,
and basic¢, which has been made out for so many modern vol-
canic regions, is announced by Dr. Irving not to obtain He
finds the most acid rocks occurring in veins traversing the most
basic, and again in flows overlying them; while the basic rocks
in turn overlie the acidic, and the intermediate varieties are
scattered through the series.

One of the most important conclusions of the paper pertains
to the general structure-of the Lake Superior basin. Foster
and Whitney first pointed out the synclinal-like appearance of
the lake basin between Isle Royale and Keweenaw Point.

UI G A
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Twenty-five years afterwards Dr. Irving showed that this syn-
clinal extends westward into northern Wisconsin, and later, in
conjunction with Messrs. Sweet and Chamberlin of the Wis-
consin Survey, described its position and shape in this region
wmore fully. Now he is able to announce that the entire lake
basin, including not only the western half but the eastern
as well, is a great synclinal depression; that this depression
certainly affects the copper-bearing rocks throughout their ex-
tent, except in the Neepigon Lake basin; that it as certainly
affects_in very large measure the underlying Huronian; that
the axis of this depression has, like that of the lake itself, at
first a northeasterly direction and then a southeasterly, with
minor bends corresponding to the several bends of the axis of
the lake; that the eastern termination of the depression is buried
beneath the newer formations in the vicinity of the Sault Sainte
Marie; that its western extension passes on to the south shore
of the lake with a course curving more and more to the south-
ward, until at the western termination in the Saint Croix Val-
ley it lies nearly north and south; that in the regions of the
Porcupine Mountains, and of the ‘“Copper Range” of Douglas
County, Wisconsin, there are minor folds superinduced upon the
great synclinal; and that in both of these regions, as alsc on
the south side of the Keweenaw Point Range, there are further
complications due to faulting.

Dr Irving’s discussion of the chronologic position of the
copper-bearing series is full, and his principal conclusions are
definite. 'The series is older than the Cambrian and younger
than the Huronian—the separaticn from the former being by
an intervening disturbance and erosion, and from the latter by
an intervening erosion and possibly also by an intervening
folding and alteration.

PRECIOUS-METAL STATISTICS, BY MR. CLARENCE KING.

In this work, which properly comes within the province of
the Greological Survey, but which forms a special branch and
should be conducted by a distinct corps of assistants, Mr.
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King was enabled to lay a broad foundation by assuming
charge, at the request of the Superintendent of Census, of
the precious-metal statistics for the Tenth Census The direct
supervision of this work in the district west of the 100th me-
ridian, where the greater portion of the precious metals are
produced, was assumed by Messrs. Emmons and Becker in
their respective divisions. The scope of the investigation is
not limited to the quantity of production of the metals, but
involves also all the technic questions connected with mining
and the reduction of ores; and in the same connection a large
body of geologic data has been gathered. Probably never has
so elaborate a series of technic data been obtained in regard
even to special mining districts as is now in the possession of the
Survey with regard to the mining industry of the whole country.

The work of compilation and tabulation is now progressing
rapidly under the efficient management of Mr. A. Williams, jr.
As a specimen of the character of the results, an abstract is
given in this volume of the “Production of the Precious Metals
in the United States for the year ending May 31, 1880.7*

An examination of the table shows that while the Com
stock Lode, the great producer of the country, has a greatly
decreased output, this loss is compensated by a corresponding
increase in other districts, notably the Leadville of Colorado.
As a whole, the mining industry of the country is in a healthy
state, and the product of the precious metals in the future
promises to show a regular and permanent increase.

The paper in this volume on the production of the precious
metals in the United States gives in brief the results of the
first systematic attempt to procure, synthetically, from the
actual producers, complete statistics of the bullion yield of the
country. It is published in advance of the forthcoming tech-
nic report upon the mining industry, which will embrace the
investigations conducted in that field by the United States
Geological Survey, consisting of examinations of 1,967 deep
mines, 325 placer mines, 327 amalgamating mills, concentra-
tion works, chlorination and leaching establishments, etc., 86
smelting works, and 25 arrastras.

* Published as a Census Bulletin
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This final report will contain a discussion of the distribution
and exploitation of the precious-metal mines, with the topo-
graphic and geologic questions involved; machinery and ap-
pliances; accidents; the various mechanic and metallurgic
processes involved in the reduction of ores; and an inquiry
into the relations of capital, labor, power, supplies, and trans-
portation, in mining, based upon the abundant data already
collected and now in process of compilation.

The output for the year ending May 31, 1880, was $33,379,-
663 gold and 841,110,957 silver, a total of $74,490,620 (coining
value). Although these figures are somewhat less than those
reached in three or four exceptional years, they represent a
yield considerably higher than the average annual product;
while the outlook for the future is most encouraging. From
the beginning of mining operations in 1804 up to the above
date, over a billion and a half of gold, and nearly bhalf a
billion of silver were produced. The vast importance of this
element of the national resources is shown by the fact that
one-third of the gold and one-half of the silver yearly pro-
duced in the world are mined witbin our borders.

The leading mining States are Colorado, California, and Ne-
vada, followed by the Territories of Utah, Montana, Dakota,
Arizona, and Idaho, in the order named. The proportionate
amounts of gold and of silver furnished by each vary greatly.
Thus, while Colorado produces 40 per cent of all the silver
of the United States, she yields but 8 per cent of the gold.
California, on the other hand, the source of over half of the
gold, yields less than 3 per cent of the silver. A similar di-
vergence is observed in other portions of the mining region;
the two precious metals occurring side by side, but often in
widely disproportionate quantities.

The study of the relation of production to population de-
velops some curious figures, ranging from an average of one
mill per capita in Alabama to $278.14 per capita in Nevada,
the intervening series indicating with great precision to what
extent mining is a factor of wealth in the several localities

The product per square mile varies from one cent in the
case of Alaska to $185.20 in that of Colorado, the intermedi-
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ate averages forming another standard of developed richness
in the precious metals, from a different point of view, but
roughly corresponding to that of the relation of production to
population.

An examination of the tenor of placer gold has resulted in
fixing the average fineness for the United States at .876; and
it is found that the placers produce over $100,000 of silver an-
nually, in alloy with the gold—an item hitherto disregarded
by statisticians. .

Carefully prepared conversion tables of fine metal by
- weight into its equivalent in money, and conversely from dol-
lars to ounces, are appended i view'of their utility to metal-
Iurgists and others. A series of graphic charts is also added,
illustrating some of the more striking comparisons and deduc-
tions reached in the statistic compilation.

During the fiscal year, Mr. W. R. Eckart, with a number of
assistants, has been engaged in preparing a monograph on the
mechanic appliances used in mining and milling on the Com-
stock Lode. When his work is completed it will be found of
much practical value to all persons engaged in exploiting deep
mines.

IISTORY OF THE COMSTOCK LODE, BY MR. ELIOT LORD.

The bodies of ore found in the Comstock Lode have led to
the development of a group of mines of greater magnitude,
importance, and interest than any other known in history.
The value of the product, the depth to which the mines have
been worked, the internal heat discovered, the geologic rela-
tions of the ore bodies, and the machinery developed under
the stimulus of enormous profits, render the stidy of the lode
one of prime importance to political economists. In addition
to the monographs previously referred to, another by Mr. Eliot
Lord is in course of preparation, having for its theme the his-
tory of the discovery and exploitation of-these mines, the
growth of the industries resulting therefrom, and the develop-
ment of mining law to which these industries gave rise.
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This history is the story of the birth of the silver-mining
industry in this country and the record of a struggle which has
materially affected the mining interests of the world. Its scenes
present the toil of placer miners in an isolated cafion, the
search of prospectors for silver, the chance discovery of the
greatest lode ever cut by a miner’s pick, the odd immigration
called tersely ‘ the rush to Washoe,” the original method of
locating and recording mining claims under crudely drawn
and inapplicable mining laws, the extraordinary litigation aris-
ing therefrom, the anarchic condition of a turbulent mining
camp and its ultimate crystallization into a thriving city.

In the prosecution of his study Mr. Lord has not only
availed himself of the copious documentary data contained in
the principal libraries of California and Nevada, but has taken
great pains to familiarize himself with all modern phases of the
local mining industry and mining life, and has been enabled
to draw a large share of his material from the very individuals
by whom were enacted the eventful history he records. It is
believed that his work will be accepted as a trustworthy con-
tribution to the history of the growth of the mining industry
of this country. ’

NEW METHOD OF HYPSOMETRY, BY MR. G. K, GILBERT.

Mr. Gilbert’s paper on the measurement of heights by means
of the barometer is the only contribution to this volume which
is not the avant courter of a more extended memoir.

Not only the present Greological Survey but its predecessors
in the same field have been compelled to make maps for their
own use, and in this way have come to perform an amount of
geographic work which has proved even more expensive than
the -geologic investigations to which it is accessory. Although
a geologist by profession, Mr. Gilbert has been called upon from
time to time, and especially as a member of the Survey of the
Rocky Mountain Region, to conduct geographic work, and
this paper is the embodiment of the results of a series of in-
vestigations initiated in connection with those duties.
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The new method of hypsometry which he develops is so
simple and direct that it appears strange its discovery should
have been so long delayed. Up to the present time it has
becn put in practice in a single instance only, but in the future
“work of the Greological Survey it will be adopted. ‘

In the measurement of Leights by means of the barometer
that instrument is used simply as a scale for the weighing of
the atmosphere, or rather for ascertaining the pressure imposed
by the air. Two barometers are always employed, one being
placed at a point at which the height is known and the other
at a point whose altitude is desired. Each tells the weight of
the .superimposed atmospheric column, and the difference
between these two measurements gives the weight of the differ-
ential column or of the column of air extending from the lower
station up to the level of the higher. Knowing the weight of
the differential column, it would be a simple matter to com-
pute its height if its density were known. But the density of
the air is not uniform and its variability depends upon a num-
ber of conditions, chief among which are its temperature and
the amount of moisture it contains In all the earlier prac-
tice it has been the custom to investigate its density by means
of observations of its temperature and of the percentage of
aqueous vapor, but the results have never been satisfactory.

In the method proposed by Mr. Gilbert three barometers are
used instead of two, and two of these are placed at points whose
heights are known, the third being read at the point to be de-
termined. From the reading of the two barometers at the points
of known height the weight of the intervening air column is
deduced; and both the weight and height of the column being
known, its density is computable. The density thus derived
is then used in the computation of the height of a second col-
umn of air contained between one of the known points and the
point to be determined.

To those who are familiar with hypsometric computations
this direct method commends itself at once as preferable on
theoretic grounds to the indirect methods it proposes to super-
sede. DBut Mr. Gilbert has not contented himself with a mere
a priori presentation. He has submitted his method to a series
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of rigorous tests, comparing. it by an extended series of com-
petitive computations with the best hypsometric methods in
use, and the result leaves no room to doubt that he has made
an important and immediately practical contribution to geo-
graphic science.

In the course of his investigations he has incidentally made
a discovery which appears to be of some moment in meteor-
ology, as well as in hypsometry. In discussing a series of
barometric observations made upon Mount Washington he
detected some anomalous fluctuations of the barometer, which
he was enabled finally to trace to the influence of the wind
upon the tension ‘of the air in the observatory, and this influ-
ence was found to be so great during the prevalence of gales
as utterly to vitiate the record of the barometer.

He has not carried his inquiry so far as to ascertain the best
means of eliminating the errors thus caused; but the nature
of the difficulty having been pointed out, the invention and
application of remedial appliances will certainly follow, and
eventually the accuracy of barometric observations will be
materially enhanced. -

PLAN OF PUBLICATION.

The great and elaborate investigations forming the basis of
the monographs thus described were planned and prosecuted
under the direction of Mr King, and in justice to him his name
will appear on the publications as Director of the Survey.
Only the publication of the material will belong to the admin-
istration of the present Director, and his responsibility covers
merely the form in which the work is presented to the public.

In providing for the publication of this large body of mate-
rial, it seemed wise to adopt a common system of general
nomenclature, a uniform color scheme for geographic geology,
a system of conventional characters for diagrams, and a form
for geologic and topographic charts and atlases. After a sur-
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vey of the field with such thoroughness as time would permit,
the conclusions presented below were reached.

On the 26th of September next a congress of the geologists
of the world will assemble at Bologna, Italy, to confer on this
subject. It is unfortunate that advantage cannot be taken of
the deliberations of so great a body of savants in the publi-
cation of these monographs, but the exigencies of the work
will not permit of longer delay even for so important a pur-
pose. The following remarks on this subject will be transmit-
ted to that body:

GENERAL CONSIDERATIONS.

The literature of geology has grown to large proportions.
To obtain a detailed and comprehensive knowledge of the
reported facts and the discussions based thereon is a task of
magnitude. In territories governed by civilized nations geo-
logic research is actively prosecuted, and geologists are pene-
trating the lands inhabited by savage and barbaric tribes; and
thus a large body of men are engaged in geologic investiga-
tions. From year to year more refined methods of study are
introduced, and new classes of facts are discovered; and the
old fields are ever becoming new fields for examination.

So the literature, already great, is rapidly increasing, and its
prospective magmtude is such as to demand of geologists the
adoption of all methods and devices that will secure economy
of - time and thought to scholars and students.

The adoption of a nomenclature is to an important extent
an attempt to establish the categories of classification; but
every stage in the progress of knowledge is marked by a stage
in the progress of classification, and any attempt to fix perma-
nently the categories for a nascent science must be futile. In
so far, then, as proposed uniform methods of nomenclature
and representation are designed to establish the fundamental
‘categories, no good can be accomplished. On the other hand,
useful results can be obtained by the employment of a uniform
nomenclature and system of representation in the presentation
of like facts. From time to time new classifications will be
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advanced, and new terms for more refined distinctions must be
multiplied pari passu with the growth of the science, but diverse
terms for the same classes and distinctions should be eradi-
cated. A multiplication of means for like purposes in the pre-
sentation of scientific subjects is a characteristic of low devel-
opment, in the same manner as is the multiplication of organs
for like purposes in a living being. Economy of time and
thought is the goal to be attained.

In the United States Geological Survey a few rules have
been adopted-relating to general geologic nomenclature, cartog-
raphy, and diagrams. This has been done after a somewhat
careful consideration of the history and present status of the
science in America, and under guidance of the principles enun-
ciated above. These rules and the more immediate reasons
for their adoption will be briefly set forth.

GENERAL NOMENCLATURE.

The publication in 1862 of Dana’s Manual of Geology was
an important epoch in the progress of this science in America.
Its effect was more thoroughly to organize and correlate the
work of many men scattered widely over a territory stretching
from the Atlantic to the Pacific. This was accomplished by a
masterly presentation of the known facts of American geology
and by seizing upon the best methods of presentation devel-
oped by the leading geologists of the country.

In respect to the nomenclature of geologic formations, or
the succession of groups of strata and beds recognized by
American geologists, a general scheme was given, based upon
American practice, which has been widely accepted. In a later
text-book by Mr. Le Conte, Mr. Dana’s system of nomenclature
has been substantially followed. -

The formulation of American practices by Mr. Dana and
its subsequent acceptance by Mr. Le Conte, and the pro-
found impression thus made upon all recent geologic publica-
tion, lead to the conclusion that no material change in this
branch of geologic nomenclature can safely be made in this
country.



REPORT OF THE DIRECTOR. - XLIIX

The grand divisions recognized by these authors are as fol-
lows:

DANA. L CONTE.
V. Era of Mind. 5. Psychozoic. -
IV. Cenozoic. 4. Cenozoic.
ITI. Mesozoic. 3. Mesozoic.
IL. Paleozoic. 2. Paleozoic.
I. Azoic. 1. Archaean.

In a later edition Mr. Dana has dropped the fifth grand di-
vision—Era of Mind—and changed the name of the first to
Archazan, of which title he was the author.

The grand divisions are called TiMes by Dana and Eras by
Le Conte. Ior use in biologic discussion these authors divide
the Eras into Ages as follows:

DANA. : L CONTE.

The Age of Man, or Quaternary. Age of Man.
The Age of Mammals, or Tertiary. Age of Mammals.
The Age of Reptiles. Age of Reptiles.
The Age of Coal-plants, or Car- Age of Acrogens.

boniferous. Age of Fishes.
The Age of Fishes, or Devonian. Age of Invertebrates.
The Age of Invertebrates, or Silu- Archaan.

ran.
Eozoic Age,
Azoic Age.

These divisions perhaps fairly represent the present stage
of knowledge of the biologic record contained in the rocks;
but the subject must for a long time be held open for revision.

By both of these authors the Times or LEras are again di-
vided into Periods, and, by Dana, the Periods into Epochs and
Subepochs., The Periods of Mr. Le Conte are modifications
of those of Mr. Dana and represent American opinion at a
somewhat later date

The following are the general schemes of Ages and Periods
presented by these authors:
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To the extent thus indicated, American practice in the par-
tition of the succession of strata and beds has arrived at sub-
stantial uniformity, though there are minor departures from
the plan. ‘

In respect to the subdivision of periods, practice in America
is widely divergent. No clear differentiation is made between
epochs and subepochs; many working geologists employ the
term formation for any division of the period; and the epochs
of one district are not recognized in the other districts. The
refined correlations which this recognition postulates cannot
in the present state of our knowledge be made throughout an
area so vast as America presents to the explorer.

In the survey of New York by Mr. Hall the first great
series of American formations was demonstrated. In subse-
quent surveys of other States and regions attempts have been
made to correlate the formations of the areas surveyed with
those of New York, but these attempts have not generally
been successful; and the assumption that such correlation
should be made has led to unnecessary and unseemly con-
troversy, which finally has resulted in its virtual abandonment.

In various districts various schemes of formations are made
for the better presentation of the facts discovered in each.
Hence there is a number of inchoate series of names for geo-
logic formations, each representing a special district. To a
large extent these local names of formations are geographic
in origin, but_ sometimes they are lithologic or biologic. This
state of affairs has obtained in opposition to received opin-
ions, and in spite of the almost universal efforts of geologists to
attain uniformity; it therefore represents the logical and necessary
qrowth of the science. ) ‘

In passing from district to district it is found in practice that
a typical series will never be reproduced, but new series with
new structural, lithologic, and biologic characteristics will be
discovered; and these facts should be represented in the nomen-
clature. .

Such being the state of affairs in the districts most thoroughly
studied, it seems especially unwise for the exploring geologisi
to commit himself in early stages of investigation to refined
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and exact correlations, and in practice it is found that a great
number of local names are used tentatively until further re-
search demonstrates approximate identity or establishes diver-
sity. Thus the names of formations are ultimately fixed by a
process of selection.

In America the terms Era and Prriop have a well-defined
significance with which they are widely used. In like manner
the terms for the several Eras and Periods are fixed by wide
usage, and the terms for the several Ages used from the bio-
logic standpoint are nearly as well determined by common
congent. Kra is sometimes, and Time is frequently, used for
other purposes than the designation of a grand division.
System is generally used for the series of formations included
in an Era, but sometimes for the series embraced in an Age.
Epoch and Subepoch are not clearly differentiated. Epoch,
Formation, and Group are used synonymously, but sometimes
Group is used to include the series of formations of a Period,
and sometimes Formation is used as synonymous with Series.
The restricted use of Formation is common among working
geologists, which testifies to its value for this purpose. In
structural geology it is the grand unit. In detailed geologic
cartography each Formation is represented by a distinet color.
It is also the principal element in the discussion of physical
geography from a geologic standpoint; 4. e., the origin of land
forms—a study which in America is assuming important pro-
portions. The term for this purpose is felicitous.

Perhaps it would be well if Era, Period, and Epoch could
be used in speaking from the standpoint of history, and Sys-
tem, Group, and Formation as their synonyms, severally, from
the standpoint of structural geology; Time to be used as a
general historic, Series as a general structural term.

Concerning the classifications and terms used from the bio-
logic standpoint the writer does not venture an opinion. To
a large extent in American usage the historic and structural
classifications and terms are used, but to some extent the pale-
ontologists are departing therefrom by suggesting classifica-
tions adapted each to the department of biology represented.
In certain fields vertebrate paleontology, invertebrate paleon-
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tology, and paleobotany, ask for classifications distinct from
each other, and distinct from that recognized by geologists as
expressing the facts of siructure. Perhaps the biologists may
come to use the distinctions adopted by geologists.

Throughout the regions where exploration has been con-
ducted with some care, the periods as adopted by the Survey
can usually be discriminated, but instances are not wanting
where up to the present time such discriminations have been
impossible. Perhaps, on the one hand, examination has not
been thorough, or, on the other, planes of demarkation are not
exhibited in nature.

Accepting the conditions actually imposed by the facts, a
number of schemes of formations into which periods are divided
will ultimately be recognized in this country, and it should be
the endeavor of geologists to reduce this number to a minimum.
The result attained will have the effect of dividing the areas
occupied by formations of the several periods into districts for
each, and each such district will have a distinct series of forma-
tions. It will sometimes be difficult to draw hard and fast lines
between such districts, but when this has been accomplished
as best it may be, the facts will be classified in a manner most
valuable for the purposes of the science.
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The following is the general scheme adopted by the United
States Geological Survey:

ERA OR SYSTEM.

Period or Group.

Epoch or Formation.

Era of Man.......... Quaternary e
T o
Pliocene.............
Cenozoic or Tertiary < | Miocene .....______..
Eocene ..............
c
Cretaceous ..........
Mesozoic .. ... .- 1 Jurassic ............
Triassic . ..........
L —_—
{ Permian ..... .......
Carboniferous .......
Paleozoic .......... | Devonian . .........
Silaman . . _..... -
: Cambran: .... ......
. Huronian? ..........
Archean ....... .. {.
Laurentian ? . .......

To be formulated in va-
rious districts as the
facts demand.




REPORT OF THE DIRECTOR XLIX

COLORS FOR GEOLOGIC CARTOGRAPHY.

In this department American practice has been extremely
diverse, but of late years there is a growing tendency to unifi-
cation. A review of the field has led to the adoption of a
scheme of colors controlled by the following principles:

1. The scheme should represent common usage as far as
possible. '

2. The scheme should not commit the geologist to distine-
tions and correlations not warranted by the facts at his com-
mand.

3. The colors should be so distinct as to be easily deter-
mined on the charts.

4. The desired results should be secured with the greatest
economy in color printing.

5. The needs of the various portions of the country for dis-
tinctions necessary to represent the formations recognized
therein by geologists should be subserved; and the several por-
tions of the color scale should be equitably divided.

It may be well further to explain and illustrate the distribu-
tion of the color scale to the parts of the geologic column.

The geologists of America require in the representation of
the Quaternary a large number of distinctions, as will appear
from a brief enumeration of the formations already recognized.

First. In the far West, between the Rocky Mountains and
the Sierra Nevada, is the area known as the Great Basin.
Within this region and still southward and eastward many
great lakes existed in early Quaternary times, represented at
present, to some extent, by small undrained seas; a number
of distinctions are required to represent the forthations of these
almost extinct lakes.

Second. In the eastern prairie region, especially in northern
Illinois, Indiana, Wisconsin, and Minnesota, in later Quater-
nary times, many thousands of small lakes existed. Some of
these have continued to the present time. The lake beds are
ofttimes bogs, underlaid by marls compounded of lacustrine
shells. In the bogs the remains of mammals are found. In
New England the deposits of a great number of similar

IV G A
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lakes are discovered, and they are scattered at intervals
throughout the United States. These formations, when more
thoroughly studied, will require color distinctions on the charts.

Third. The great body of glacial drift stretching from the
Atlantic far into Dakota, and extending southward into the
middle latitudes of the country, requires its color distinctions;
and the glacial formations of the mountain districts farther to
the south and west have like requirements.

Fourth. The marine formations added to our coast in Qua-
ternary times on the east, south, and west, must be represented.

Fifth. The lake formations of the same age on the north re-
quire representation.
 Sixth. The extensive accumulations of loess in the bluffs of
the Mississippi and its tributaries must be represented.

Seventh. The flood-plain formations of the river systems of
the country must be delineated.

Eighth. The overplacements and alluvial cone deposits on
the flanks of mountain chains must not be neglected.

These Quaternary formations have already been the subject
of extended research, and in the future it is probable that a
proportionately greater amount of study will be given them,
from the fact that the methods of geologic research and the
laws of the science must to a large extent be established by the
aid of the facts they present.

The grays, which have been selected to represent these for-
mations, admit of many distinctive modifications in tint, tone,
and arrangement.

In like manner it can be shown that the variations of yellow
are needed for the formations of the Cenozoic; of green for
the Mesozoic; of blue for the Permian and Carboniferous of
the Paleozoic; and of purple for the Devonian, Silurian, and
Cambrian, of the Paleozoic.

Refined distinctions are not yet made in the Archeean, but
it is probable that when these rocks are more thoroughly
studied the various distinctions afforded by the browns will be
needed. ‘

In the Igneous rocks the entire capacity of the reds will be
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required. It is hoped that a somewhat more thorough distri-
bution of them will result from investigations now in progress.

Thus it is believed that the distribution of the colors has
been made in proportions as nearly correct as the present state
of our knowledge will permit. . .

The assignment of portions of the color scale to portions of
the geologic column, as indicated above, is deemed sufficiently
minute for the purposes to be subserved in a certain class of
publications, viz, charts of limited areas where many minor
distinctions are made; but for charts of larger areas, where
many periods are represented, more specific rules should be,
observed. .
~ In the general plan the colors have been arbitrarily classi-

fied as gray, yellow, green, blue, purple, red, and brown.

Of gray, yellow, green, purple, red, and brown three tones
each are selected ; of blue, two tones only. Of each tone two
tints are selected—one dark, the other light. Further distinc-
tions are made by using the light tints as bases and the dark
tints as overprints in various mechanic arrangements, as follows:

1. In horizontal lines.

2. In vertical lines.

8. In right-oblique lines. (Lines directed downward from

left to right are called “right-oblique lines.”)
In left-obligue lines.

In broken horizontal lines.
In broken vertical lines.
In crossed lines.

. In dots.

The color distinctions thus produced are relegated .to the
geologic column in the following manner:

Quaternary formations are represented by grays, and thirty
color distinctions are provided, as shown in Plate I. It is not
deemed wise at present to distribute the grays definitively to
the several classes of Quaternary formations, as further experi-
ence is needed.

The Cenozoic is represented by yellow (Plate II) in three
tones—one for each period—Pliocene, Miocene, and Eocene.

Al

® -1 O
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Each tone with its modifications by tints and combinations
gives ten color distinctions; so that there are that number of
distinctions for each period.

Mesozoic formations are colored in green (Plate I1I), and in
the manner above described ten color distinctions are used for
the Cretaceous, Jurassic, and Triassic periods each.

The Permian and Carboniferous periods, constituting the
upper Paleozoic, are represented by blue (Plate IV)—one tone
with ten distinections for each.

The Devonian, Silurian, and Cambrian periods, constituting
the Lower Paleozoic, are represented by purple (Plate V) in
three tones—one for each period, with tints and combinations—
making ten distinctions for- each.

Archzan rocks are represented by brown (Plate VI) with .
three tones multiplied by tints and combinations—producing
in all thirty distinctions.

The Igneous rocks are represented by red (Plate VII) with
thirty color distinctions.

It is manifest that these distinctions may be multiplied to
any desired extent without confusion—

First. By using each base tint with each superimposed tint
(of the same color division) throughout the entire scale of lines
and dots;

Second. By multiplying the mechanic arrangement of lines,
dots, &c ;

Third. By multiplying the tints and tones; and

Fourth. By combining the colors as classified—using one
as a base and a second as an arranged overprint.

It is probable that these additional distinctions will not be
needed.

To facilitate the identification of color distinctions on the
map, each one should have printed over it at convenient inter-
vals, in clear block type, the letter symbol of the formation or
period represented. :

In local and detailed maps the above scheme may be modi-
fied to the extent of using the several tones of one color for
the formations of one period, whenever by so doing the color
distinctions will be made more clear.
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CONVENTIONAL CHARACTERS FOR DIAGRAMS

Another class of conventional characters is used by the Sur-
vey to express the more important lithologic characters.

Diagrammatic sections are of two classes, serial and regional.
In the serial diagrams, Formations, Groups, and Systems are
indicated by words and connecting lines; and lithologic char-
acters by conventional signs, as follows:

- o st ® av_ "
98 8 o000

Conglomerate.

Sandstone.

Arenaceous shale.

Argillaceous shale.

Limestone.

Schistose rock.

ivl‘\\V AR 2

: : ANV AN AN
Massive crystalline rock. |83V 5Yv-{3a]
NA ASAAVAL Y

CEAYAP
Ve "

>\
X
-

FIG. 1.—Conventional Characters for Diagrams.

In this scheme it will be observed that each conventional
sign admits of many variations, which can be used when it is
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desirable to multiply such distinctions in order to discriminate
the members of an extended series; and other characters may be
superimposed for the expression of additional facts—for exam-
ple, to indicate that the rock is dolomitic, gypsiferous, brec-
ciated, geodiferous, etc. :

In regional sections designed to express facts of general
structure, it is found best to use formation colors rather than
lithologic signs.

For general structural purposes stereograms are found use-
ful and should often be constructed; to express relations of gen-
eral structure to topographic formation, bird’s-eye views are
valuable, especially when constructed on sectional diagrams.

The general plan as set forth in the foregoing statement pro-
vides for the expression of geographic distribution of forma-
tions or epochs, groups or periods, and eras or systems, by the
simple use of systematic color distinctions. It provides for
the expression of the more important facts of lithology by the
use of conventional signs in serial diagrams

Facts of general structure are expressed on charts by the rela-
tion of color distinctions, by regional diagrams constructed with
the color distinctions of formations, and by stereograms. The
relation of structure to topography is expressed by bird’s-eye
views constructed in combination with diagrammatic sections.

Cartographic colors and diagrammatic characters constitute
the geologic alphabet, and its value will depend, first, on sim-
plicity ; second, on systematic consistency; third, on general
usage.

FINANCIAL STATEMENT.

Amount appropriated by Congress for the use of

the Geological Survey for the fiscal year end-

ing June-30, 1881 ... ... .. .. ... .._... $156,000 00
Expended during the fiscal year. ... ...._.... 150,948 47

Remaining on hand June 30, 1881 (required to
meet outstanding liabilities) . ... .. ... ... 5,061 53
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The following is a classification of the expenditures:
Amount.

Salary of Director. ... ......... P $6,000 00
Services of assistants and employés .. ......._. 101,392 43
Rent of offices.. ... ......... R 3,760 93
Repairs of offices. . .. .. ... ... .. .0 Lo 101 35
Office furniture. . . . ... ... ... .. ... ... .. 2,495 52
Fuel . . . iiill.. 1,034 04
Gas ... ... ...l e 217 80
Tee. ... L. 53 47
Telegrams .. ... ... ... . . . ... . ......C 858 14
Rent of telephones .. ... .. .. ........ e 82 00
Rent of post-office boxes ... .. .. ... ... 50 00
Stationery .. ..... ... ... ... ...l ... 1,695 62
Drawing material . ... ... .. . . ... .. ... ... 271 45
Books . ... ... 171 35
Instruments purchased . ... .... . .. .__.___. 1,171 03
Instruments repaired. . .. ... ... ... ... L 285 30
Laboratory supplies - .. ..................... 1,998 63
Photographic material . . . ... ... .. .. ... 256 03
Publication of maps .. .. ... .. .. ... ... 175 00
IMustrations for reports. ... ... . ... ....... 727 00
Jobprinting. ... ... ... Lo . 36 00
Transportation of assistants and property....... 7,825 40
Traveling expenses ... ... ... ... ......... 6,768 94
Purchase of horses _._ ... .. ... ... ___. 240 00
Purchase of mules .. .. .. ... .. ___.__._..... 930 00
Camp and field equipage .................... 1,190 51
Subsistence . ... ... L Lo .o.. 6,626 90
Forage -..... e e 2,338 33
Pasturage ... ... .. ... ... ... ... 597 94
Tollage. . . ... ... .. .. ... 32 47
Storage. . ... ... ... 331 93
Apprehension and delivery of lost public property 95 00
Miscellaneous. .. ... ... ... .. .. ... ...... 1,131 46
Total . . ... .ol 150,948 47






DEPARTMENT OF THE INTERIOR, UNITED STATES GEGLOGICAL SURVEY.

PAPERS ACCOMPANYING THE ANNUAL REPORT

OF THE

DIRECTOR OF THE U. S. GEOLOGICAL SURVEY

FOR THE

FISCAL YEAR ENDING JUNE 30, 1881.







ADMINISTRATIVE REPORTS

BY THE

HEADS OF DIVISIONS.







REPORTS OF THE HEADS OF DIVISIONS.

REPORT OF CAPT C. E. DUTTON.

UNITED STATES GEOLOGICAL SURVEY,
D1visioN oF THE COLORADO,
Washington, October 3, 1881.
Sir: Conformably to the directions contained in your letter of July
8, 1881, calling upon me for a “report of the operations of your [my]
Division of the United States Geological Survey for the fiscal year end-
ing June 30, 1881,” I have the honor to submit the following

PERSONAL REFPORT.

On the 2d day of July, 1880, I left Washington and proceeded to Salt
Lake City, Utah, accompanied by the following assistants:

Mr. Sumner H. Bodfish, topographer.

Mr. Richard U. Goode, topographer.

Mzr. Robert E. Jones, assistant topographer.

Mr. Leonard H. Swett, assistant topographer.

Having purchased in Salt Lake City the necessary outfit and sup-
plies, I proceeded by the UGtah Southern Railroad to Juab station, 110
miles south of Salt Lake, meeting there eight hired men, with four
freight wagons and animals. The entire party left the railroad on the
morning of July 18, and journeyed slowly southward, ascending the
valley of the Sevier River. The next day we reached the Mormon vii-
lage Gunnison, which presents a distant and widely-extended view
of the high plateaus of Utah, their battlements still flecked with
patches of snow. These magnificent masses, which are exceedingly
interesting alike in their topographical and geological features, have
already been deseribed by me in a former monograph. East of Gunni-
son, and 12 to 18 miles away, rises the Wasatech Platean, composed of
heavy masses of lower Tertiary strata, which bend upwards fron. the
valley below, and near the summit fiex back to horizontality. Southward
is a long stretch of level valley-plain, beyond which rise the dark, vol-
canic masses of the Sevier Plateau and Fish Lake Platean, which attain
altitudes of more than 11,000 feet above the sea. A day’s journey from
(unnison over an easy road brought us opposite the north end of the
Sevier Plateau and to the foot of the grand escarpment which forms its
western flank, During five days this wall rose upon the left, while the

5
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stil] loftier heights of the Tushar towered above us on the right. At a
distance of about 180 miles from the railroad we reached the divide
which separates the drainage of the Sevier River from that of the Colo-
rado. Descending thence to the southward through the great southern
terraces of the High Plateaus, we reached the little village of Kanab
on the 29th day of July.

Kanab is a Mormon settlement, lying upon the southern boundary of
Utah, at the foot of the Vermilion Cliffs, and it has long been the base
of operations of the exploring and surveying parties working in the
distriet which dramns into the Grand and Marble Cafions of the Colo-
rado. Here the main bulk of supplies was deposited, and the pack and
saddle animals prepared for active field work. The work contemplated
was both topographical and geological.

TOPOGRAPHICAL WORK.,

Two topographical parties were organized, the first under Mr. Bod-
fish, the second under Mr. Goode. The object of Mr. Bodfish’s womlk
was to eomplete the survey of that portion of the Grand Caiion of the
Colorado which extends through the Kaibab Plateau, and also of the
surface features of that plateau itself. To Mr. Goode was assigned the
duty of making a survey of the San Francisco Mountains and their
vicinity, lying 50 to 80 miles south of the cafion.

Mr. Bodfish’s work was of more than ordinary difficulty. One group
of determinations had not, np to the last year, been satisfactorily made,
viz, the geographical co-ordinates (latitudes and longitudes) of the prom-
inent points in the southwestern part of the Xaibab. This remarkable
plateau has for several years been a difficult problem to the topographers.
It is a lofty flat mass without a single peak or pronouneced elevation
anywhere upon its surface. 1t is densely forest-clad with gigantic pines
and spruces. It is loftier by 1,500 to 4,000 feet than the surrounding
regions, and to the eyc and mind of the topograper, i1t is merely an
obstruction which ecannot be crossed by his lines of triangulation; and
1t isextremely difficult to circumvent, for 1t is nearly 100 miles long and
from 15 to 40 miles wide. Being devoid of natural objects of sufficient
definition to serve as targets for the theodolite, it was necessary to con-
struct artificial ones; and the selection of stations within range of other
well-determined stations, and readily distinguished, was not easy; for the
nearest ascertained stations were from 50 to 80 miles away and even the
most stronglyindividualized points were liable to be confused with others
in their vicinity. It was at once concluded that none could be found
except upon the brinks of the salients which project out into the broad
chasm of the Colorado. IFremthese it was knownthat unobstructed views
could be obtained of the voleanic domes of the Uinkaret Platean, 60 to
80 miles westward, and of the peaks of the San Francisco Mountains, 50
to 60 miles southward. Tt was desirable therefore, to build monuments
upon these salients, which could be observed from those domes and
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peaks, and thus give the required data. I therefore left Kanab with
Mr. Bodfish, taking also Mr.Goode, who was to observe these monuments,
if possible, from the San Francisco Mountains, and proceeded to the
brink of the cafion, about 80 miles south of Kanab. Two primary points
were selected, one named Point Sublime, the other Cape Royal. The
formeris a headland, projecting far out into the chasm, about mid-length
of the Kaibab division ; the latter, a similar headland, situated about 20
miles east-southeast- of the former. Here were built large monuments
of timber, which we covered with white calico. From both points the
well-determined stations and monuments on Mount Emma in the Uin-
karet, and on the San Francisco Mountain, were discernible through the
telescope, and satisfactory readings were made upon them from the large
theodolite. '

This being accomplished, Mr. Goode was dispatched to his field of
labor, and I returned to Kanab, leaving Mr. Bodfish to pursue his work.
This consisted of plane-table work checked by the theodolite. In the
preceding season he had applied the planc-table to the Kaibab division,
from the foot of the Marble Cafion to the head of the Kanab division of
the Grand Cafion, and it was necessary to apply it to the lower portion
of the Marble Cafion and the southern portion of the east wall of the
Kaibab. The very extraordinary topography of the chasm and its ac-
cessories called for great skill and ingenuity on the part of the surveyor,
but Mr. Bodfish proved equal to all emergencies, excepting & few which
no skill ecan conquer, and which require wings rather than skill.

Believing that the study of the surface drainage of the Kaibab would
throw light upon the larger geological problems which the district pre-
sents, I instructed Mr. Bodfish to make a careful reconnaissance or
meander-survey of the plexus of ravines which constitute that drainage.
These are almost innuinerable, but they have, as the event proves, a
systematic and intelligible character and grouping. With the assistance
of Mr. R. E. Jones, he meandered these ravines, some of them repeat- A
edly, carefully checking his courses and distances, and suceeeded within
the limits covered by his map in obtaining plots of all the principal ones
and substantially of all their notable branches, with a degree of accu-
racy which is all that could be reasonably desired. He also visited
Mount Emma, on the Uinkaret Plateau from whieh point he successfully
observed the two monuments on the Kaibab already referred to, thus
obtaining both forward and back sights between stations. With the
data obtained in the seasons of 1879 and 1880, he has been able to com-
plete his map of the Kaibab division of the Grand Caiion, and of the
surface topography of the sonthern part of the plateaun, upon a scale, as
originally drawn, of about 1: 40,000 and with contours of 100 feet of ver-
tical interval.

Mr. R. U. Goode left me on the 15th of August on the Kaibab Pla-
tean, with instructions to proceed at once to the San Francisco Mount-
ams. By previous arrangement, his hired men were to leave Kanab
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with animals, supplies, and equipments, and to meet him near the head
of the Marble Cafion on a day appointed. The rendezvous was made as
directed, and with his party he crossed the Colorado by ¢ Lee’s Ferry,”
at the head of the Marble Cafion, and in due time he reached the San
Francisco Mountains, where he remained until about the 1st of Novem-
ber. The locality is a volcanic one, and an outlier of that very large
volcanic district known sometimes as the Great Black Mesa, situated in
eastern Arizona and western New Mexico. Upon this ontlier are sev-
eral large extinct volcanoes, surronnded and interspersed with a throng
of recent cones, from which many sheets of lava have been outpoured.
They stand upon one of the most elevated portions of that great Car-.
boniferous platform which stretches northward without interruption to
the abyss ot the Grand Caiion, and thence further northward to the
Utah boundary. Mr. Goode, by great diligence and industry, succeeded
in obtaining data for the construction of a very good map of his field,
upon the unusual scale of one mile to the inch, which map has already
been drawn with 100 feet contours.

My own work for the season was the study of the geology of as much
of the district as I could cover. As for problems to be solved, I went
there to find them as well as to solve them. The great chasm, the faults
and flexures of the strata, the vast erosion of the region, its cliffs and
caflons, its strata and extravasated rocks, surely would furnish prob-
lems enough. But it seemed to me that whatever questions they might
bring up and whatever answers they might suggest were merely subsid-
iary to one comprehensive inquiry: what have been the stages, the chief
successive steps and the physical canses of the evolution of this strange
region? The geologist seeks for facts in order to learn geological his-
rory and causation—in short, evolution. He picks up his facts much as
the vagabond prospector picks up float ore or pans for a few colors in
every gulch and when he finds them seeks to trace them back to their
sources, dreaming always of bonanzas. livery accessiblefeature, there-
fore, was studied and pondered in the hope that it might be traced back
to its origin, disclosing a common bond among them. My purpose was
to seek for evidences of the geological history of the region; what suc-
cess has attended the effort may appear in part in the chapters following
this personal one. It has been less than might have been hoped, but
greater than might have been feared.

On the 19th of August I left Kanab for the Uinkaret Platean. Reach-
ing Pipe Spring, 20 miles southwest of Kanab, I was rejoiced to find
Mr. William H. Holmes, who had come to join me and co-operate in the
work. Leaving Pipe Spring, we pushed across the desert to the south-
westward, and in two days more made camp at the base of Mount Trum-
bull, on its southwest side. Preparations for a protracted camp were
made and nearly four weeks were occupied in making excursions almost
daily to all surrounding parts within one or two days’ march, The Uin-
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karet Plateau was quite thoroughly examined. The principal facts which
it presents are:

1. Its many basaltic cones and lava fields, none of any great dimen-
sions, but thickly clustered together, and some so recent that it seems
as if a century or two could hardly bave passed since they became silent
and 1mnactive. Others are older,and some have been greatly ravaged and
nearly effaced by secular erosion.

2. The Hurricane and Toroweap faults, which form excellent studies of
displacement, especially in the vicinity of the chasm.

3. The Toroweap and Queantoweap valleys, which are remnants of
lateral drainage channels of the Colorado, and represent a drainage sys-
tem which has become extinct.

4. The Grand Cafion itself.

5. The remnants of Permian strata.

All these present matter of independent interest when considered
apart from their relations to cach other and apart from the broader
problem of evolution. But each can be made to yield ifs guota of tes-
timony, and when the story told by one group of features is compared
with what 18 told Dy the others, the interest is greatly deepened. The
study of the main problem is hike trying to restore the newly discovered
fragments of an antigue vase which have been scattered and a portion
of them recovered. Kach fragment by itself is of minor importance and
gives no definite idea of the shape and size of the vase. But when a
number of them have been matched and the broken edges are seen to
join, even though considerable portions be wanting, we may still per-
ceive the original design and compute its dimensions. We were even
more concetned with this method of analysis, comparison, and recon-
struction, than with the concrete facts themselves; and diligently stud-
ied the latter in the hope of finding out something about the former.
How these various observations, so incoherent and disjointed on the first
view, become congruous through analysis and comparison, I shall en-
deavor to show in the monograph, now nearly completed, on the Tertiary
History of the Grand Cafion District. It would be impossible to explain
it briefly here.

Durmg our stay at Mount Trumbull Mr. Holmes’s magical pencil was
was ever busy. Large and elaborate sketches of the panoramas pre-
sented from Mounts Trumbull, Logan, and Emma; of the splendid vista
of the Toroweap Valley, and of the superiative spectacle of the Grand
Cafion as seen from Vulcan’s Throne, were made 1 rapid succession.

From the Uinkaret we retarned to Xanab and proceeded thence to
the Kaibab. I went there to visit those portions of it which I had not
hitherto seen, and to review portions seen but not appreciated years
before. Mr. Holmes devoted himself to makiug sketches of the chasm.
Among them is a panorama of the caiion from Point Sublime. The
studies op the Kaibab were of the sawmne gencral nature as those of tho
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Uinkaret, and had their bearing on the geological history and evolution
of the district.

Returning to Kanab, Mr. Bodfish and his assistants were sent north-
ward to Salt Lake City, with instructions to return at once to Wash-
ington. I remained with Mr. Holmes in order to make another journey
along the front of the Vermilion Cliffs, northwestward as far as the Val-
ley of the Virgen, and thence southwestward to view the country in the
vicnity of the Hurricane fault, and to the west of it. Thence we jour-
neyed northward, along the western or dropped side of the Hurricane
fault, and on the 23d of October, we reached Fort Cameron, at the town
of Beaver in Utah. Here the laborers of my immediate party were dis-
charged, and I returned without delay to Washington.

During the past winter and up to the close of the fiscal year ending
June 30, 1881, T have been occupied in the preparation of a monograph
on the Tertiary History of the Grand Caiion District. The maps have
been completed by Mr. Bodfish and Mr. Renshawe, the former having
delineated the Kaibab division of the Grand Caiion and the surface
topography of the southern part of the Kaibab Plateaun, while the
latter has drawn the map of the Uinkaret Plateau. Mr. Holmes has
redrawn the sketches of the cafion and adjoining regions, and the mate-
rials are now in the engraver’s hands, as are also the maps. The manau-
script of the monograph, is very nearly completed.

All of which is very respectfully submitted.
C. E. DUTTON,
Captain of Ordnance, in charge Division of the Colorado.

Hon, J. W. POWELL,
Director of the U. 8. Geological Survey, Washington, D. C.

REPORT OF MR. G. K. GILBERT.

UNITED STATES GEOLOGICAL SURVEY,
D1visioN OF THE GREAT BASIN,
Washington, D. C., October 27, 1881.

SIR: I have the honor to present the following report of operations
in the Division of the Great Basin during the year ending June 30, 1881.

In the organization of the Survey in the year 1879 the territory sub-
ject to the investigation of the corps was apportioned in a number of
Divigions which it was designed to make somewhat independent in ad-
mnistration. The Division of the Great Basin, as then defined by the
Director, was exceedingly large, and a subdivision of the work within
1t was therefore made on the basis of its subject matter, the economic
geology being assigned to the direction of Mr. G. IF. Becker, and the
general geology to myself. An exigency soon arose, however, which
made il expedient to establish a third organization within the same
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geographic district, and the work of this organization was afterward
placed 1n the charge of Mr. Arnold Hague, to whom had been assigned
the Division of the Pacific. These innovations upon the original plan
were partly in accordance with my request and wholly in accordance
with my desire, and they have had the effect of enabling me to restrict
my attention to a series of special investigations, in which I had already
made some progress before the organization of the Survey. Mention is
here made of them only becanse it is necessary to distingunish between
the geographic Division of the Great Basin and the administrative
Division of the Great Basin. The accompanymng report applies only to
that portion of the work in general geology the conduct and administra-
tion of which have been commiited to me.

During the summer of 1830 two parties were in the field, and on their
roturn an office was organized in Salt Lake City. The winter was spent
in the elaboration of the field notes, and the majority of the corps con-
tinued in office work unti! the close of the fiscal year; but a small party
was sent to the field in the spring of 1881,

This report will contain, first, a description of the field organization
and an account of the field movements, and, second, a statement of the

scope of the office work.
FIELD WORK.

Preparations for the field were begun at Washington, D. C., and eoin
ploted at Salt Lake City, Utah. The plan of the work demanded that
many points should be visited which were not only distant from any line
of public conveyance but were even remote from all settlements, and it
was necessary to make independent provision for the transportation and
subsistence of the field parties. Each party was therefore furnished with
a four-mule wagon, three pack mules, and a quota of saddle mules, and
upon the wagons were loaded all the paraphernalia of camp life. Sup-
plies were sent by rail to a number of different points where they could
conveniently be taken up during the progress of the work.

On the sixteenth of July, 1880, the corps left Salt Lake City in two
parties. The geological party was in my own charge, and contained
Messrs. Israel C. Russell and H. A. Wheeler, geological assistants, and
Mr. I'rederick D. Owen, artist. The topographic party comprised Mr.
Gilbert Thompson, topographer in charge, Mr. Albert L. Webster, assist-
ant topographer, and Mr. R. L. Gill, barometer observer, Each party
had three camp hands, and the topographic party was accompanied for
a few days by Mr. R. H. Smth, who was then left at Fillmore, Utah,
where he maintained a barometric base station throughout the summer.

The work planned for the geological party was to trace more thor-
oughly than has heretofore been done in southern Utah, the outline of
Lake Bonneville, the great lake which formerly occupied all the low-
lands of that region, and to make special examinations of the relations
among themselves of the series of shorelines left by the water at its
many stages of level. The first point visited was the mouth of Lattle
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Cottonwood Cafion, a gorge of the Wasatch Range which opens out
into the valley traversed by the Jordan River, and which at one time
was filled by a glacier to its very mouth. Climatic considerations of a
very general character had given rise to a belief that the ancient lake
was coincident in time with the system of glaciers of the Wasatch and
other mountains of the western territories, but up to that time no geol-
ogist had studied the phenomena produced by the two agencies in
juxtaposition. The shore marks and lacustrine deposits formed by the
lake occupy the valleys and merely touch the bases of the mountains,
while the moraines and other vestiges of glacial action are for the most
part confined to the higher mountain gorges. Here, however, was a
locality where the moraines were known to extend into the region of
the lake, and it was hoped that the theory of contemporaneity could be
tested by an investigation of the locality.

The next point of lingering was at the Point of the Mountain, a
place where a low spur froin the Wasatch Range stretches across the
Jordan Valley to the Oquirrh Range beyond, but is cut through by the
river midway. The gap was partly closed during the existence of the
lake by embankments of gravel thrown into 1t by the action of the
waves, and the recutting by the river after the lake had subsided has
exposed the gravels to view in an instructive section.

The party then took its way across the lower end of Utah Valley,
and through Cedar and Rush Valleys, to the north end of Tooele Valley,
where the monuments of wave work are of the most imposing charac-
ter. At the Point of the Mountain, and at two points in Tooele Valley,
local maps were made of areas of interest a few miles in extent, and the
differences of altitude of the various water lines were determined by
means of the spirit level.

At this time the party suffered the loss of its artist, Mr. Owen, who
turned back on account of sickness and was, nnfortunately, not after-
ward able to resume his work.

Irom Tooele Valley the old overland stage road which skirts the
southern edge of the Great Salt Lake Desert was followed for three
days, when another and more protracted halt was made at the Old River
Bed, a locality where the attention of every traveler and frontiersman
is arrested by the presence of the desiccated channel of a river of some
size 1n the midst of one of the most arid deserts of the continent. The
history of this old river is intimately associated with that of the ancient
lake, and nearly two weeks were spent in making a thorough examina-
tion of its features and of numerous objects of geologic interest in the
vieinity.

The next point of special examination was the north shore of Sevier
Lake, a saline of the desert, lying one hundred miles to the south. In
1872 the lake was thirty miles in length and had a depth of about fifteen
feet. Inthe winter of 1879 it was found to have completely dried away,
leaving 1ts salt in the form of a heavy crust covering a large area of the
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muddy bottom near the northern end. At the time of our visit a few
inches of water covered the crust, and it was so far softened as to be
traversed with difficulty. -A carefully selected series of specimens was
collected with a view of ascertaining the economic value of the deposit,
and these have since been placed in the hands of a chemist for analysis.
From Sevier Lake the party traveled to Preuss Valley, being com-
pelled to a circuitous route partly by the absence of a direct road but
chiefly by the lack of water on the direct Jine. Here three most inter-
esting groups of gravel embankments formed by the waves at different
water stages were studied and mapped, and valuable data were gathered
for the compilation of the history of the oscillations of the lake. The
road was then taken southward to the Escalante Desert, the most south-
erly of the plains submerged by the ancient flood, and from there the
party turned northward to Milford, a station on the Utah Southern Rail-
road which had been selected as a rendezvous and supply point for the
field parties. It was reached on the twelfth of September.
The work of the topographic party was partly geographic and partly

geologic. Before leaving Washington an attempt had been made to
compile a map of the region to be visited from the material fornished
by the government surveys of previous years, but it was found that the
data pertaining to a district lying along the northern edge of the Esca-
lante Desert were not sufficiently accurate for the purposes of the work,
and it was determined to replace them by new material gathered
during the summer. Selection was therefore made of a series of peaks
overlooking the desert from the east and which had been determined in
position by the work of the Survey of the Rocky Mountain Region, and
a triangulation was planned which should use them as initial points and
extend over the region to bemapped. This triangulation and the comple- '
mentary topographic work were carried forward by Mr. Thompson and
his assistant as one of their chief duties. Their other duty consisted
of the tracing of the ancient shoreline from the vicinity of the town of
Fillmore southward to its southern limit, so as to correct the existing
map of the lake in that region, and especially so as to sct at rest a
question which had been raised as to the mode of connection between
the body of waterin the Escalante Desert and that in the deserts at the
north. This work carried him along the eastern margin of the Sevier
Desert, through the lower valley of Beaver Creek, and thence to the
extreme southern and western limits of the Escalante Desert, and made
it necessary to ascend many of the highest peaks of the region. Under
‘his direction a series of barometric observations was made, not only
upon the topographic stations but upon many points of the ancient
shoreline, especially in the remoter parts of the Sevier Desert where the
extension of railroads has not yet rendered other means of determina-
tion possible. The triangulation was far advanced and the snrvey of
the shoreline of the Escalante Bay was completed at the time of the
rendezvous at Milford.
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For the remainder of the field season the foree was redivided, Mr.
Thompson being sent with a picked company of camp hands npon a
long and rapid march across one of the most inhospitable portions of
the desert, and the remainder of the corps traveling slowly toward Salt
Lake City. _ '

The principal halt of the main party was at White Mountain Spring,
a few miles south of the town of Fillmore, and camp was maintained
there for nearly two weeks. I'rom this place excursions werc made in
variouns directions for the examination of a series of voleanic cratersand -
lava beds spread upon the desert in the vicinity, the especial subject of
investigation being the history of the relation of the volcanic eruptions
to the several water stages of the ancient lake. A visit was also made
by Mr. Russell to the sulphur deposits at Cove Creek, and attention
was given to a peculiar recent local accumulation of gypsum.

A second halt was made at Lemington Station, where the Sevier River
issues in a narrow valley from the mountainous district which contains
its upper course and enters the desert. The locality is of interest by
reason of the fine section there displayed of deposits of the ancient lake,
and was made the point of departure for the excursions necessary to
map the extensions of the lake in Tintiec Valley and along the upper
course of the Sevier. Here the field party was disbanded, and the pro-
fessional assistants took the cars for Salt Lake City, where they arrived
on the twelfth of October.

The field work was not stopped, however, but after a few days spent
in preparation, a party consisting of Messrs. Russell, Wheeler, and Web-
ster went by rail to Cache Valley, where they made some supplement-
ary investigations at localities visited the previous -winter. The map
of the ancient delta of the Logan River, which had been made by Mr.
Willard Johnson, was slightly extended, and & new-map was made of a
series of shore terraces near the town of Wellsville. Mr. Russell also
paid a visit to the outlet of the ancient lake at Red Rock Pass, and in
returning to Salt Lake City the party stopped to make examinations of
the ancient deltas of Box Elder Creek and the Ogden River.

After leaving Milford, Mr. Thompson first ascended Frisco Peak for
the purpose of completing his triangulation, and then proceeded to de-
termine the position of the ancient shoreline in a districtlying just west
of Sevier Lake and which had been passed by in previous exploration
by reason of the inhospitable character of the country. He was so for-
tunate as to find water in some rock pockets which had been filled by
recent showers, and was thus enabled to accomplish in an entirely sat-
isfactory manner that which would else have been a very difficult task.
He then went to a point between Drum Mountain and'the House
Range where previons work had left a doubt as to the ancient configura-
tion of the shore, and ascertained that a narrow strait had there joined
the two bodies of water oecupying severally the Sevier and Great Salt
Lake deserts.
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His course was then directed to the northwest, skirting the margin of
the Great Salt Lake Desert, to Deep Creek Settlement, where it turned
northward to the Central Pacific Railroad at Tecoma, Through nearly
the whole of this distance he was enabled to follow a wagon road, and by
the aid of short, lateral excursions succeeded in mapping all of the west-
ern margin of the ancient lake which had not been previously well de-
termined. At Tecoma he connected the ancientf, shoreline with the road-
bed of the Central Pacific Railroad by a line of levels, thus determining
its altitude. He then proceeded eastward, following the Iine of the rail-
road. At Terrace Station he was, by previous arrangement, joined by
myself, and we continued the investigation of the shorelines in com-
pany as far as the town of Kelton, stopping at Dove Creek and Ombe
~ to make special examinations, measurements, and maps. In thisregion
the work of the Survey was greatly facilitated through the courtesy of
the officers of the Central Pacific Railroad, who permitted the party to
supply itself with water from the tanks maintained by the railroad at
their stations. The region is devoid of fresh-water springs, and it would
have been a matter of great difficulty to have conducted the investiga-
tions there without the assistance afforded by-the railroad.

From Kelton the writer and Mr. Thompsou made a trip fo Cacle
Valley by rail, while the wagon and material were taken by the camp -
men to Salt Lake City. It had been suggested by Mr. Thompson that
certain puzzling phenomena connected with the shoreline would find
their explanation in the hypothesis that an outlet of the lake had once
existed from Cache Valley through Gentile Valley and what is known
as Basalt Valley, northward to the basin of the Columbia, and had been
afterward closed by the volcanic eruptions of Basalt Valley; and the ex-
cursion to Cache Valley and Gentile Valley was for the purpose of testing
that hypothesis. It was found,however,to be untenable and only a brief
stay was made. The terraces of Gentile Valley, although not produced
by the waves of the ancient lake, offered an attractive field of study to
which time and attention would have been devoted but for a fall of snow
which covered the ground to the depth of several inches and effectnally
prevented all detailed observation.

By the thirteenth of November all the professional assistants were
gathered iu Salt Lake City, and, with the exception of a few short excur-
sions, no further field work was performed that year.

In the following spring (1881) Mr. Russell again took the field, begin-
ning his preparations at Salt Lake City and completing them at the
town of Deseret, from which point he set out on the tenth day of April.
The work intrusted to him was a reconnaissance of the ancient lake
which in western Nevada formed a companion to Lake Bonneville—the
lake to which King has given the name ¢ Lahontan.” His route for the
first week lay within the basiu of Bonneville, and before reaching the
shores of Lahoutan lLe crossed several valleys which had contained
(doubtless at the same epoch of geologic time) small lakes. 1t was
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anticipated that he would coutinue his work through the entire season,
and at the .time of the present writing he is still in the field. His
reports of progress show that before the close of the fiscal year he
had completed his examination of the sonthern shore of the lake, mak-
ing a preliminary map of it and ascertaining definitely that there was
no outlet of the water in that direction. He made also a preliminary
examination of the vestiges of a lake of some magnitude, of which
Mono Lake is the shrunken modern representative, and discovered a
number of localities in which glaciers from the Sierra Nevada had
descended to points below the level of its waters. His studies of these
localities, although brief and as yet incomplete, have already afforded
valuable contributions toward the co-ordination of the glacial and

lacustrine histories.
OFFICE WORK.

Immediately on the completion of the field work, the initiatory steps
were taken for the establishment of an office. It was the purpose of
the Director that the principal labor of the rednction and discussion of
the field notes and field material gathered by the Division should be
performed at Salt Lake City, and great care was therefore taken in the
selection of an office site and in its equipment and organization. This
duty necessarily consumed a large share of time and attention, and
several weeks passed before the professional office work was fairly
undertaken. In due time, however, a suitable building was leased, the
necessary furniture was placed in it, and the material of the Survey was
put in order. A thorough system of catalogning by means of cards was
inaugurated, not only for the maps and books of the office, but for all
matters of record and for the numerous articles of camp equipage and
other field material, which were stored in the same building.

In a frontier town there was, of course, no library suited {o the needs
of the professional work in hand, but the want was very fairly met by
combining the technical works contained in the private libraries of the
members of the Survey, which were loaned for the purpose. To the
collection thus brought together a few works were added by purchase,
and as soon as practicable it was furnished with a card catalogue. .

The office force comprised at first Messrs. Thompson, Russell, Wheeler,
Webster, and the writer, and a small amount of clerical work was per-
formed by the janitor, Mr. Gill. In December the force was reduced by
the resignation of Mr. Wheeler, in March by my departure for Washing-
ton, where I was ordered for the completion of the preparation of my.
report, and in April by the departure of Mr. Russell for field duty; so
that at the close of the fiscal year it consisted of Messrs. Thompson and
Webster ouly.

The work of the office consisted chiefly in the elaboration and dis-
cussion of the geologic and geographic material gathered in the field.
Computations were made of the geographic positions of points deter-
mined by the triangulation, maps were compiled and prepared for the
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engraver, barometric altitudes were computed, and the numerous alti-
tudes determined by spirit level were combined by means of connecting
railroad surveys so as to be referred to a common zero. The geologic
observations were classified and discussed, and in a few.instances short
excursions were made to settle matters of doubt by supplementary ob-
servations. Inone of theseexcursions a new tide-gauge was established
at Garfield Landing for observations on the rise and fall of Great Salt
Lake, and series of synchronous readings were taken upon the new
gauge and upon the old one at Lake Shore for the purpose of ascertain-
ing the relation of their zeros. In another €xcursion a level was run from
the tide-gauge at Lake Shore to a number of benches in Salt Lake City,
and in yet another the altitude of the ancient shoreline in the neighbor-
hood of Camp Douglass was redetermined by level. .

A series of experiments was made for the determination of the infiu-
ence which the presence of salt in water has upon sedimentation, and a
series of computations was begun for the purpose of testing a new
method of barometric hypsometry, which forms the subject of an essay
in this volume,. ‘

In the equipment of the office no provision was practicable for chem-
ical work, and the analyses called for by the investigations of the corps
were therefore put in the hands of chemists not otherwise connected
with the Survey.

Tn Washington the study of the geologic material was continued by
the wrifer, and with clerical assistance the computations in barometric
hypsometry were carried forward. JField sketches designed to illustrate
the report on I.ake Bonneville were placed in the hands of Mr. W. H.
Holmes, under whose supervision the work of redrawing for the en-
graver was most auspiciously begnn,

The field and office labors of my assistants have, without exception,
been characterized by zeal and efficiency. The mapped outline of the
lake, which constitutes the most tangible of our results, is a joint work
to which each has contributed his quota. Drawn upon a larger scale by
Mr. Thompson, it will be issued with the monograph of Lake Bonne-
ville, now in preparation. The same volume will contain numerous local
maps by Messrs. Wheeler, Thompson, Webster, and Johnson, and a re-
port on the hypsometric work by Mr, Webster. These will speak for
themselves in due time and need no commendation here. There can be
no better place than this, however, to express my appreciation of the
never failing promptitude with which all wants of the Division have
been met, or even anticipated, by Mr. McChesney on behalf of the cen-
tral office, and by yourseif.

I am, with great respect, your obedient servant, :
G. K. GILBERT,
' Geologist in Charge.-

Hon. J. W. POWELL, . -
Director United States Geological Survey, Washington, D. C. .

2GA
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REPORT OF MR. S. F. EMMONS.

UNITED STATES GEOLOGICAL SURVEY,
DivisioN oF THE RoCKY MOUNTAINS,
New York, October 20, 1881.

Sik: I have the honor to submit the following report of progress in
this division during the past fiscal year:

In my report submitted to your predecessor, Hon. Clarence King, a
year since, I stated that I hoped to have my memoir upon the Geology
and Mining Industry of Leadville ready for publication during the spring
of 1881. 1 regret to say that these hopes have not been fulfilled, and
that even at this late date there still remains considerable work to be
done before it can be put in the hands of the printer.

The delays arige in large part from the inherent difficulties of the
work, which requires for its illustration a most extensive and elaborate
set of maps, sections and diagrams, the preparation of which necessi-
tated much greater labor, both in field and office, thau had been foreseen,
The natural difficulties of the work were moreover greatly enhanced by
a combination of adverse circumstances.

The season for out of door work, when the ground is comparatively free
from snow, always very short at Leadville, was during the summer of
1880 unusually so, snow having fallen permaunently before the 1st of
October, where on the year previous it was possible to do outside geol-
ogy up to the middle of November.

Again, the want of funds consequent upon insufficient appropriation
by Congress for the use of the Survey, rendered the desired increase of
my corps of assistants impossible, and a portion of my map work had
to be intrusted to private engineers. Thus the completion of our maps
was in a measure dependent upon the greater or less press of other
business, in consequence of which, in one instance, work which in sum-
mer might have been completed in six weeks, was only accomplished
after five months of intensely laborious field work, during the winter,
with snow covering the ground in places to & depth of 15 or 20 feet.

The chemical examinations, which constitute a most essential part of
the investigation, and without which the study would have been de-
prived of a great part of its practical as well as scientific value, were
much delayed by the necessity of having a laboratory building expressly
erected, and the difficulty of procuring pure reagents, so that this work
was not fairly under way before winter set in.

Owing to the small salaries our pecuniary necessities compelled us to
pay, our draughtsmen were constantly changing, being offered larger
salaries elsewhere, and much time was thus lost in familiarizing new-
comers with the peculiar character of the work.
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All these delays have been annoying to all engaged in the work, for
the imperative necessity of publishing a memoir of such practical bear-
ing upon mining industry at the earliest possible date, before its resnlts
had been discounted by the rapidly advancing developments of mines,
was felt by the entire corps, and I feel it my dnty to bear testimony to
the cheerful alacrity with which these gentlemen have volunteered to
work out of hours; and on Sundays even, when necessary for the com-
pletion of special parts for the engraver. '

Field-work was finished, and the Leadville office discontinued on the
1st of April, 1881, The whole corps, with the addition of temporary
draughtsmen, was then employed in the Denver office upon the final
preparation of our numerous maps and illustrations for the engraver,
until which were completed the actnal memoir and final results of the
investigation could not be written.

On the 15th of Aungust I proceeded to New York to give my personal -
supervision to the preparation of the illnstrations in the hands of Mr.
Jnlius Bien, which are now. in an advanced stage; the great labor in-
volved, however, which will readily be apprcciated by one pernsing the
list of maps and plats, given below, renders it impossible to give a
definite date for their completion.

In addition to the work upon the Leadville memoir, no inconsiderable
portion of my time-has been occupied in snpervising the compilation, and
preparation for publication, of the statistics of precious metals which
have been collected in my division duriug the year for the Tenth Cen-
sus, and are now being printed. . _

All the members of my corps were bnsily occupied during the entire
snmmer either in finishing up the investigations commenced in their in-
dividual specialties or assisting in the preparations of the numerous
- maps, sections, and diagrams for publication. No new work could con-
seqnently be undertaken nntil they were relieved from these dnties.

About the middle of August Mr. C. W. Cross took the field at Golden,
Colo., and in the middle of September Mr. E. Jacob proceeded to Ko-
komo to complete some insufficient data along the northern border of
the general map of the Leadville atlas, and to commence a report upon
the Ten-mile District of Summit County.

The two small monographs which these gentlemen are engaged upon
are all that could safely be undertaken with the means at our command,
and for which the necessary maps are available, for experience in the
casé of the Leadville report bas shown that the commencing of such
work without accurate maps already prepared, results in great loss of -
time, and renders one liable to annoying misconceptions and delays.

The plan of the work upon which Mr. Oross is engaged at Golden,
Colo., comprises the following investigations:

1. A stndy of the basaltic fiows, of which the mesas or table mount-
ains at Golden are the relics.

a. Their lithology and mineral constituents, including an examina-
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tion and determination of the numerous and interesting zeolites which
abound in them. ‘

b. Their relations to the inclosing Tertiary and Cretaccous beds,
with special reference to deciding the vexed question of the age of the
coal rocks of Colorado. '

2. As a sequence of the above, which may be considered rather of
purely seientific interest, the following investigations of more directly
practical and economic bearing will receive especial attention.

a. Careful study of the coal horizons, as developed along the foot-hills
of the range for some 10 to 20 miles in either direction, with special ref-
erence to the extent, thickness, and composition of the beds of coal,
fire-clay, building stone, and othcer materials of economic value contained
in them.

b. The construction of underground sections of the country to the
cast of the foot-hills for about 20 miles, and the determination, in as
.. accurate a manner as the present developments will admit, of the depths
at which coal may be found throughout the Denver basin.

In the prosecution of this work the chemical examination of rocks,
minerals, and economic products will be conducted, as hitherto, by Mr.
W. F. Hillebrand in the laboratory of the division at Denver.

This report will be illustrated by two geological maps, with explana-
tory sections and diagrams.

1st. Map of the Golden mesas, on a scale of 1,500 feet to the inch, to
form one single atlas sheet, and include an area of about four by five
miles. '

2d. General map of the Denver coal basin, on a scale of two miles to
the inch, to cover an area of about 25 by 30 miles, also to form one sin-
gle atlas sheet.

In the present early stage of the work it is impossible to foresee the
extent of the investigations which may be found necessary, or to fix a
time for its completion. It is to be hoped, however, that the field-work
may be practically finished before winter, and the publication of the
results ensue in the coming summer or autumn,

The report upon the Ten-mile District, which was originally intended
to be included in the report upon Leadville, will form, as it were, an
appendix to this report, the map joining directly the northern border
of its general map, and the geology and character of its ore-deposits
being similar, and yet sufficiently distinct to present an interesting
sequence to the study presented in the latter report. This report will
be illustrated by a geological map of the district on a scale of two
inches to the mile, covering an area of abont 7 by 9 miles, to form a
single atlas sheet, accompanied by illustrative sections and diagrams.

It is expected, unless want of funds renders it necessary to reduce my
corps still further, that this report will be completed and ready for pub-
lication in the coming spring.

I have the honor to submit herewith a brief synopsis of my memoir
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upon the Geology and Mining Industry of Leadville, Colo., accompanied
by a double-page geological map of Leadville and vicinity, with three
colored sections illustrative of underground structure, on a scale of one-
half mile to the inch, the same being a portion of the general map of the
Musquito Range, which will accompany the final report.
Very respectfully, your obedient servant,
S. F. EMMONS,

: Geologist in charge.

Hon. J. W. POWELL,
Director United States Geological Survey.

REPORT OF MR, ARNOLD HAGUE.

UNITED STATES GEOLOGICAL SURVEY,
DivISION OF THE PAcCIFIC,
New York, October 1, 1881.

Sik: I have the honor to submit the following report of operations
condncted by the Division of the Pacific for the year ending September
30, 1881: '

In accordance with the instructions of your predecessor, Hon. Clar-
cnce King, I proceeded in July of last year to Eureka, Nev., for the
purpose of making a geological survey of a tract of country embracing
not only the very productive mines of the Eureka mining district, but
all those which occur in the same broad mass of mountains, including
the Secret Cafion District to the south, and the Silverado to the south-
west.

For the accomplishment of this work I was acecompanied by two geo-
logical assistants, Mr. Charles D. Walcott and Mr. Joseph P. Iddings,
and while they both rendered efficient aid in all departments of field
work, Mr. Walcott devoted most of histime to paleontological questions,
and Mr. Iddings was kept busy with the mapping of voleanic rocks.

As a basis for geological work,an admirable topographical map was
then in course of construction by Mr. F. A, Clark and bis assistants.
They bad taken the field in August the previous season, working as long
as the weather would permit, and only occupied winter quarters long after
the ground was covered with snow. In early spring, as soon as the sea-
son was favorable, the topographical party again commenced operations
and pushed the work rapidly forward. Neverthecless on my arrival 1
found the area of country intended to be covered but little more than
balf surveyed. As rapidly, however, as.the plane-table sheets were
completed, copies were made on tracing linen, and photographic dupli-
cates prepared by the ¢ blue process” were placed in the hands of the
geological worker. '

For purposes of accurate geological work, it seems to me indispensable
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for the geologist, on taking the field, that he should be furnished with
completed maps of the distriet to be surveyed. It not only gives him
clearer ideas of the main structural features of the country, and conse-
quently the problems presented tohim, but saves much time in his own
instrumental work. Geological structure is so intimately connected
with and dependent upon topographical features that the better the
geologist sees the mutual relations of every hill, ridge, and ravine, the
better equipped is he for the work placed before him. Moreover, no
matter how painstaking he may be, he can never lay down with precis-
ion the boundaries of formations as well as when provided with a prop-
" erly constructed map. . :

The Bureka Mining Distriet, with Ruby Hill as a center of mining
activity, stands pre-eminent in the United States as a district producing
rich argentiferous lead ores, 1ts great economic importance, the highly
interesting mode of occurrence of the ore deposits, not only in the greab
ore chambers of the leading mines but those of lesser value scattered
through the hills, and the singularly complicated geological structure of
this broad mountain mass with its profound fanlts and varied outbursts
of volecanic material, made the selection of this tract of country a most
judicious one for a thorough survey accompanied with elaborate maps.

The region covered by the presocnt survey embraces a tract of country
nearly twenty miles square. It is situated on the Nevada Platean in
Central Nevada, being midway between the Carson Basin to the west.
ward and the Salt Lake Basin to the eastward. The 116th meridian
west from Greenwich passes just to the westward of the center of the
map, and the 39° 30/ parallel of north latitude crosses Ruby Hill. It
lies partly in the county of Eureka and partly in the county of White
Pine. It forms a rough, broken, mountainous region surrounded on all
sides by the well-known Quaternary valleys of Nevada, presenting topo.
graphically aud geologically a nearly isolated block connected by nar.
row ridges with two of the principal ranges which cross the State. 'I'o
the vorth Diamond Valley is inclosed by two parallel longitudinal
ranges, the Diamond and Pifion, which in the neighborhood of Eurcka
lose their distinctive features of narrow sedimentary uplifts, becoming
lower and broader, and, uniting with Prospect Mountain ridge and large
outbursts of igneous rocks, present a complicated mass of mountains
and hills. This region may be designated as the Eureka District.

It is doubtful if any area of equal extent in Nevada possesses more
varied topographical features, with strongly marked contrasts, capable
of producing, when properly delineated, a beautiful map. Most areas
in the State present long longitudinal ranges, with short lateral cafions
stretching out on both sides of the main axis, the ridge being too nar-
row to offer any diversity of structure.  Here, however, the coming to-
gethor of several mountain uplifts, connected and penetrated by humer-
ouns volcanic outflows, admits of sharp contrasts in the physical featuresof
the.country. Incloseproximity may befoundlong,serrated ridges,broad,
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flat summits, gently sloping tables of nearly horizontal sedimentary
beds, and highly inclined strata with abrupt escarpments. Many of
the more prominent mountains are characterized by the high angle of
their long, uniform slopes—notably Diamond and Prospect Peaks.
Broad, shallow basins, narrow, deep cafions, with perpendicular walls,
and open, winding valleys connect the higher summits with the low-
lands.

Among volcanic rocks, broad, gently inclined fields of basalt, with
their abrupt cliff-like walls, are easily recognized. Rough, irregular
outflows of rhyolite aud crumbling, easily-eroding pumices add their
full share to the diversity of outline. In many cases the igneous out-
bursts have changed previous water channels, making the earlier and
somewlhat intricate drainage still more complex.

On the Nevada Plateau the broad Quaternary valleys have an aver-
age height of 6,000 feet above sea-level. This is about the altitude of
Diamond Valley. The lowest eontour lines on the map ot the Eureka
Distriet, both in Diamond and Fish Creek Valleys, taking the Eureka
and Pahisade Railroad as a base, are exactly 6,000 feet above sea level.
Above the level of these sage-brush valleys many prominent peaks nse
from 2,500 to 4,500 feet. Diamond Peak, in the northeast corner of
the map aud at the southern end of the Diamond Range, measures
10,637 feet ubove sea-level. Prospect Peak, a eentral station and the
second point in the district, measures 9,604 feet, and Atrypa Peak, to
the southwest, in the same ridge, has an altitude of 9,063 feet above
sea-level. In the Xish Creek Mountains, White Cloud Peak, near the
southern limit of the map, the highest point on a broad platean-like
ridge, reaches 8,950 feet above sea-level.

The active field season for geological operations occupied four months
and ten days, from July 25 till December 5, a period far too short for
the district, when we consider erther its great economical importance
as a silver-lead producing region or its complicated geological structure,
and bearing upon the geology of the Great Basin.

After organizing the party for field work, I took a rapid survey of the
entire district, to obtain, as far as possible, correct opinions as to the
nature of the country to be examined, and the best way of accomplish. °
ing the survey with the least loss of time and labor; at the same time
to learn, as far as it might be possible, the problems presented in its
study. In attacking a new and unknown geological field, much de-
pends on gomng to work not only in the right way, but in the right
place. Many problems in field work, whieh in one locality may seem
almost impossible to solve, may within a mile, or even within a few
hundred feet, be answered at a glance, and the frue relations of rock
masses, when once correctly understood, save much valuable time in
future work.

The first camp was made in the broad basin of New York Cafion, on
the eastern side of Prospect Peak, and our first systematic work began



24 ADMINISTRATIVE REPORTS BY

along the western Dase of the mountain. This proved to be a fortt nate
selection, as it was afterward discovered that here were the oldest beds,
and, of course, the base of the entire sedimentary series of rocks exposed
at Eureka. The construction of the first cross-section was begun at
this point.

From this time we were highly favored with good weather, never
forced to stop work for a day, and surveys pushed forward without
interraption throngh summer and autumn. Before the close of the
season mapping was all completed and several cross-sections made.
Large collections of sedimentary rocks were obtained, illustrating the
entire series of Paleozoic beds found at Eureka. In crystalline rocks
the collection is quite large, Showing not only every variety to be found
in the district, but specimens from nearly every locality represented on
the map. Much time was devoted to paleontological work, and collect-
ing carried on with energy, which was rewarded with success.

Field operations were only brought to a close by continued low tem-
perature of winter, accompanied by high winds and violent snow-storms.
During the last three weeks of the season the thermometer in camp
registered in the region of zero every night, and on one occasion fell as
low as —16° Fahr. I afterwards learned that the most severe weather
of the winter occurred during our last weeks of work. Upon leaving
Eureka, Mr. Walcott, under instructions, proceeded to New Mexico to
study the formation and make a collectionof plant-remains from Triassic
rocks in the neighborhood of Santa I'é, and Mr. Iddings went to Vir-
ginia City, Nev., for a short time, to do some work under Mr. G. T\
Becker's direction.

The topographical party, although working under great difficulties, the
mountains being covered with snow, were obliged to remain in camp to
complete their field surveys till December 12, Upon the completion of
the work, Mr. Clark, with his assistants, proceeded immediately to San
Francisco, and began the compilation of the map from the sixty-four
plane-table sheets prepared in the field. ,

The instructions issued to Mr. Clark were to prepare a grade-curve
survey of twenty miles square, adopting a scale of 1:10,000, with 50
feet vertical interval between contours, this scale being deemed ample
to furnish safficient detail to lay down all desired geological formations
with precision, and to express geological structure in its relation to the
varied and characteristic topography of mountain and valley. Upon
this map may be accurately located all the mines of the district. By
close application to office work, the map, covering a broad, handsome
sheet nearly eleven feet square, was compiled by the first of March, 1881,
and immediately forwarded by express to the Washington office.

Work upon the material gathered duoring the season was greatly
hindered by vexatious delays in the delivery of freight; the boxes sent
from Eureka not reaching their destination till February 1. Imire-
diately upon their arrival the collections were unpacked, properly
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labeled and catalogued, and arranged for purposes of study, after
which the preparation of reports was begun by writing out and care-
fully arranging in a systematic manner the results of the season’s field
notes. From this time forward the work has progressed steadily with-
out interruption. L

In the month of July, under your instructions, I again visited Eureka
for the purpose of examining some unsettled points in its geology,
brought out by a study and comparison of observations and sections at
different localities after leaving the field. Pressed as I was for time to
push forward for publication the geological maps, although many in-
teresting questions presented themselves, I remained only two weeks
in Eureka, returning immediately to New York.

The scale of the map finally adopted for publication as best suited to
show the geology and topography of the Eureka District is 1,600 feet
to the inch, a little more than one-half the size of the original field sheets.

This large map, while it permits of amply expressing most of the
minor details of geology, including the smaller outbursts of igneous
masses, is on too large a scale to present a comprehensive view of either
the topographical or geological structure. This is especially true where
the map is published on several detached sheets, which are not readily
placed together without considerable space. To obviate this difficulty,
and to give the advantages of a small map as well as of a large one, the
map has been reduced to proportions which permit of its being published
as a single atlas sheet, easily held in the hand. This presents a bird’s-
eye view of the topography and the mutual relations of the different
mountain systems. On this smaller scale, the pablication, while it pos-
sesses much less value as a working map, is mach more effective in bring-
ing out the orographic structure and marked contrast of mountain forms.
Where the contours are thrown closely together, the sharp ridges and
steep cliffs present the advantages of light and shadow. In a region
where the mutual dependence between topographical featares and geo-
logical structure are so well shown as at Eureka, and as in so many
places the boundaries between geologiecal formations are marked by
prominent physical features, it is of the first importance to possess a
comprehensive sketch-map, which gives the entire field at a glance.
The small map is an exceedingly fine specimen of engraving.

Most of the atlas sheets are engraved, and those requiring color dis-
tinctions for geological purposes are nearly ready for the printer.

The atlas accompauying the report will contain twelve sheets:—

Sheet 1, title page. ‘

Sheet IT, map of Eureka District; a single atlas sheet 14 by 15 inches,
scale 7,200 feet to the inch, On this map will be shown locations of all
important mines, principal wagon-roads, and elevation above sea-level
of prominent mountains and well-known land-marks.

Sheet III, geological map of Bureka District; a single atlas sheet.
This is the same wap as Shect I, with the geological formations printed



26 ADMINISTRATIVE REPORTS BY

over it in color, and the boundaries of the large geological sheets laid
down.

Sheets 1V to X1, inclusive, eight double atlas sheets, geological maps
of Eureka District. The scale is 1,600 feet to the inch. The area cov-
. ered by these maps is precisely the same as that of Sheet III. They are

numbered consecutively from left to right, No. IV being in the upper left-
hand corner of the general map. Two maps cover the area from west
to cast.

Sheet X1I, geological cross-sections, drawn to a natural scale, across
the map from west to east, showing the structure of the different sedi-
mentary uplifts and their relations to thedgneous outbursts.

Upon the general geological map (A tlas Sheet III) the gcological feat-
ures of the district are expressed in twenty-five color distinetions, sixteen
of which belong to sedimentary formations, and nine to igneous rocks.
In the sedimentary series the Cambrian, Silurian, Devonian, Carbonifer-
ous, and Quaternary are represented. In crystalline rocks, granite, gran-
ite-porphyry, and quartz-porphyry represent the pre-Tertiary masses,
while Tertiary volcanic outbursts are classed as hornblende-andesite,
augite-andesite, dacite, rhyolite, rhyolitic pumice, and basalt,

The number of formations delineated upon each of the eight larger
maps varies from eight to twenty-one, Sheet L'V requiring twenty-one
color distinctions to express properly the geological features. The
four formations unrepresented are the pre-Tertiary crystalline rocks
and dacite, a highly acidic quartzose form of andesite, which only ap-
pears in the southern and western areas of the map, removed from the
great center of volcanic activity.

These details of formation serve to show the complicated geological
structure of the country surveyed, which, like most regions made np of
a great thickness of sedimentary beds, accompanied by volcanic activ-
ity, is one of profound faulting and displacement, and the continuity of
strata broken and obscured by masses of lava.

In the report upon the Eureka District my wish is to present as cou-
cisely as possible an account of its geological structure and history, and
its relations to adjacent parts of the Great Basin.

The main features of the work will be as follows:

First. A description of each mountain ridge or block, giving a detailed
account of each formation as outlined on the map and their relations to
each other as shown in a comparison of cross-sections.

Second. A detailed description of the great series of I’aleozoic sed-
iments, whose 20,000 feet of strata, from the base of the Middle Cambrixn

~well up into the Upper Coal Measure limestone, present excellent op-
portunities for geological and paleontological study.

Third. An account of some of the more important dynamical events
which have produced the present physical features of the country, and
broken the sedimentary beds up into great blocks, such as we now find.

Fourth. A history of Tertiary volcanic activity with its varicty of
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geological phenomena—an activity which probably prevailed through a
long period of time, dnring which every type of Tertiary voleanic rock,
except trachyte, found its way to the surface, although in very varying
proportions. The relations of the sedimentary beds to the voleanic rocks
- will be discussed, and the connection between the great north and south
lines of faulting and lines of igneous outbursts will be shown, Investi-
gations as to the sequence of volcanic rocks are always of great interest,
~and the Eureka Distriot can, I think, add something fo our stock of
knowledge in this direction. The rhyolitic pumices and tufas cover so
large a tract of country, extending with nearly unbroken exposures from
Diamond Valley on the north, sonthward across the “Pinto Divide” and
Pinto Basin until buried beneath the mouutain débris of Fish Creek
Valley, that they furnish much interesting evidence as to their age and
relations to other volcanic rocks.

Fifth. Both for economic and purely scientific purposes, the position
and geological horizon of all the more important mining properties of
the several mining districts will be given, and some observations re-
corded as to the relations of the ore deposits to both Tertiary and pre-
Tertiary crystalline rocks. '

In the Cambrian rocks alone, which form the prineipal body of Pros-
pect Mountain ridge, there is a very wide vertical range in geological
position between ore deposits lying near the base of the lower lime-
stone and deposits like the Page and Corwin in the Pogonip limestoue,
on the east side of Secret Cafion, jnst north of Roundtop Mountain.

- Prospect Mountaiu ridge forms the most prominent feature in the
Fureka District, extending from Diamond Valley southward for nearly
nine miles. South-of Prospect Peak it is intricately connected with the
Fish Creek Mountains, which frend off to the southwest, stretching out
beyond the limits of our map. Prospeet Mountain presents a sharp
broken outline with abrupt slopes to the westward, and long irregular
ridges and hills to the eastward. The strata are everywhere inclined
at a high angle. On the other hand, Fish Creek Mountains exhibit a
broad table with horizontal or gently inclined strata. Taken together
they form the greater part of the Cambrian exposures. :

In the Cambrian period both the Middle Cambrian and Upper Cam-
brian are well exposed. There have been recognized seven well-defined
formations, beginning with the lower, as follows: Prospect Mountain
quartzite, Prospect Mountain limestone, Secret Cafion shale, Hamburg
limestone, Hamburg shale, Pogonip limestone, Eureka quartzite.

A1l these formations are designated by local names, with the excep-
tion of the Pogonip limestone, which is so called from Pogonip Mount-
ain, in the White Pine mining region, where the horizon is well de-
veloped. ’

From the base to the top of the group the Cambrian presents a con-
formable series of beds. The Eureka quartzite, while it carries no pa
lcontological evideuce of its age, is, on account of its conformability
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with the Pogonip limestone, placed at the summit of the upper Cam-
brian. Between the Eureka quartzite and the next overlying limestone
there is a non-conformity of deposition, and the true Silurian beds come
in with a marked change in fanna. This non-conformity, which has
never before been recognized in the Great Basin, is, I think, of very
considerable importance in stratigraphical geology, and some facts in
relation to it I propose, in my report, to bring out in detail.

On the map, the Silurian period is designated by one color, as no well
defined horizons have as yet been determiued, and the boundary line
between it and the Devonian by no means sharply ascertained. In the
Devonian two color distinctions. are given: one for the great limestone
belt, which is not only one of the marked geological features of the dis-
frict, but one of the highest importance in studying the series of palso-
zoic sediments in the Great Basin; and the other for the black argilla-
ceous and arenaceous shales which overlie the limestone.

These beds have been named the White Pine shales, from the local-
ity where they were first recognized, in Eberhardt Cafion, and under-
lying the town of Hamilton, The characters of the two groups are quite
similar, although at Eureka they attain a much greater development
than at White Pine.

For the Carboniferous period four geological divisions are well marked
and require as many color distinctions. They are designated as Dia-
mond Peak quartzite, Lower Coal Measure limestone, Weber conglomer-
ate, and Upper Coal Measure limestone, and reach their highest devel-
opment in the northeast corner of the district, where they form the south-
ern termination of the Diamond Range. The lowest members form the
slopes of Diamond Peak.

Among the most interesting and important results of the season’s
survey to geologists and paleontologists will be the invertebrate fauna
collected from the paleozoic beds. Before the systematic survey was
undertaken, the Eureka District was regarded as a very poor one for
organic remains. Indeed, with the exception of a small collection of
fossils, made by the writer during a two days’ visit to the mines on
Ruby Hill several years previous, aud described in the volumes of the
Geological Exploration of the Fortieth Parallel, I believe very little has
been brought in. The collection made at that time was from the Pogo-
nip beds of the Upper Cambrian, east of Adams Hill, and from the Car-
boniferous limestones, on the hill south of the Richmond furnaces.

The collecetions made by the Iureka District survey number about
4,500 specimens. While this is by no means a large number as com-
pared with well-known and thoroughly-explored regions in the FEastern

- States and Mississippi Valley, it is, so far as I know, very much the

largest collection of paleozoic fossils ever brought in from any equally
limited area in the Far West. Its value, however, does not consist in
its size, or in the number of new species found, mention of which will
be made further on, bitt from the systematic collection obtained in one



HAGUR.]. THE HEADS OF DIVISIONS. 29

geological district, extending through more than 20,000 feet of paleozoic

sediments formed of limestones, shales, clays, gunartzites, sandstones,

conglomerates, and grits, extending from the base of the Middle Cam-
brian well up into the Upper Coal Measure limestone. No attempt was

made, owing to the limited time at our disposal, to gather large collec-

tions. Even in those localitics which offered the most favorable op-

portunities, there was never more than a part of a day devoted to col-

lecting. The time was not occupied in examining well-defined horizons,

but in carefully searching through hundreds of feet of limestone and

arenaceous beds, mainly barren or with poorly preserved forms, for evi.

dences of organic remains to fill up the gap in the great series of beds. -
Much time was also given to obtaining paleontological evidences of ho-
rizons in complicated structural regions and regious showing consider-
able faulting and disturbance from outbursts of volcanic masses. In
many such cases stratigraphical and lithological evidences fail entirely,

and it is necessary to rely alinost exclusively on organic remains.

In the Olenellus beds, a narrow belt of arenaceous shales, lying at the
base of the Prospect Mountain limestone, occur the lowest fossiliferous
strata found in the district. It is probable, from the association of
forms found here, that the Olenellus beds are near the base of the Mid-
dle Cambrian strata. Unfortunately, no beds came to the surface below
the Prospect Mountain quartzite, which immediately underlies the Pros-
pect Mountain limestone. If the district anywhere exposed a lower
group of fossiliferous strata, they would probably belong to the Para-
doxides beds of the Lower Cambrian.

Here at Eureka we have a good section of the Middle and Upper Cam-
brian rocks. Now, one of the most desired points in the stratigraphy of
the Great Basin of Utah and Nevada is a good exposure across the
Lower and Middle Cambrian, which would connect the lower rocks with
those of Prospect Mountain. Above the shale, which is a transition
band between the quartzite and limestone, the beds pass into a true
limestone, which forms the greater part of both slopes of Prospect
Mountain ridge. This limestone, poor in fossil remains, passes at its
base into beds yielding Potsdam forms. Allied species occur through
the Hamburg limestone and Hamburg shales.

East of the Hamburg mine, at the base of the Pogonip or Upper Cam-
brian limestone, there is a decided mingling of species, but passing up-
wards we gradually find higher forms, and at the top the fauna indi-
cates the horizons of the Calciferous and Chazy. Conformably overly-
ing the Pogonip limestone occurs the Eureka quartzite, which is without
any recognized organic remains, and which, as already mentioned, owing
to its stratigraphical position, is placed at the summit of the Cambrian
series. ' ' '

Between the Eunreka quartzite at the base and Diamond Peak quartz-
ite, which is regarded as the base of the Carbouiferous period, at the
summit, the beds yield ample paleontological proof to confirm the strat-
igraphical evidences of their Silurian and Devonian age. The Silurian
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is represented by characteristic but poorly-preserved fragmentary re-
mains, but identical with or closely allied to forms common fo the Tren-
ton of New York, On the other hand, the massive beds of Devonian
limestone have yielded a rich and varied fauna. -

From the two great belts of Carboniferous limestone separated by the
Weber conglomerate, valuable additions have been made to our knowl-
edge of their life. As the limestones are, in general, favorable for the
preservation of organic remains, fossil-bearing horizons occur through-
out the series, and geologists are not so dependent upon favored local-
ities as in the Lower Paleozoic rocks.

Accompanying my report upon the ¢ Geolozy of Eureka District” will
be Mr. Charles D. Wolcott’s report upon the paleontology of the dis-
trict. It willy I think, be accepted as a valuable contribntion to our
knowledge of the geologyv of the Great Basin.

Mr. Walcott’s detailed study of the paleontological material shows
three hundred and fitty-nine species in the collection. Of these three
hundred and fifty-nine species, two hundred and ninety-nine have been
specifically determined, the remaining sixty receiving only a generie
name, as they are either imperfectly represented, or, as in the case of the
Trenton fanna and Devonian corals, it appeared best to await the col-
lecting of more complete material before attempting to illustrate them.

The Cambrian fauna, embracing both the Middle and Upper divisions,
contains one hundred and rineteen species, of which no less than sixty-
three have been indentified as new. An uwunusnally large brachiopodous
fauna for this age is represented by twenty-four species. The Trilobita
are represented by fifty-nine species, a percentage of the entire fauna,
rather below the average. The genus Receptaculites is distingnished by
the presence of three species and an immense number of individual
specimens of one of them, Receptaculites Gumbeli, occurs in the upper
portion of the Pogonip limestone. '

The Silurian fauna is but slightly developed, and the material ob-
tained mainly from the Trenton formation. The thirteen species found
are sufficient to indentify the geological horizons, but are too poor and
fragmentary for detailed study. '

From the Devonian rocks the fauna includes one hundred and forty-
four species, thirty-eight of which are new, and 50 per cent. are identical
with species occurring east of the Mississippi River.

The accompanying lists show the varied eharacter of the fauna:

Genera, Species.

Yorifera ... . ... .. ... e ees e avesceesvat e, e 3 3
ACHNOZOM cco it et it e eiteci e aeaae e eaen-. 10 18
Brachlopolda - ... i ierccteieiraeeaeaceaseaes 10 63
Lamellibranchiata ... ..ol ioie it e et eeiie e 14 15
GAStOTOPOA oo vre meie oot i e et reiae it cetasceerasaeae naennaeanaaa 10 R4
32 03 1) ¢ RPN PUPR: | 6
Cephalopoda ... oo oo oo i cicre it e e e e 4 8
L 1L Y 2 2
Peellopoda ... ...l it ccenbeeecaceres e imnan s 4 5
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From the Carboniferous rocks the fauna afforded eighty-three species,
twenty-four of which are new and interesting forms. One of the most
striking features is the occurrence of twenty-eight species of lamelli-
branchiate shells, 2 class that heretofore has been but sparingly repre-
sented in the collections of Carboniferous fossils from the Rocky Mount-
ains and the Great Basin. ‘

During the preparation of Mr. Walcott’s report he has written de-
scriptions of one hundred and twenty-three new species, and made notes,
more or less full, upon one hundred and sixty species, which presented
in their characters or geographical distribution information not hereto.
fore published.

It will be seen, therefore, that the report embraces a fauna from the
Cambrian, Devonian, and Carboniferous. It will be illustrated by over
three hundred aceurate drawings of fossils, arranged on twelve plates.
Four plates represent the fauna of the Cambrian, five that of the
Devonian, and three that of the Carboniferous.

A second special monograph, to accompany the geological report, is
by Mr. Joseph P. Iddings, upon the microscopic petrography of the
crystalline rocks of the Eureka District. From every characteristic
and important specimen of crystalline rock, whether from a geologi-
cal or mineralogical point of view, a thin section for microscopical ex-
amination has been prepared. An investigation of these sections has
been of great value, not only as an aid in a proper classification of the
rocks, but in determining their mutunal relations, and in pointing out
striking differences in their internal structure, which have a direct bear-
ing upon many geological questions connected with eruptive masses.
In this branch of geological investigation Mr, Iddings has made a sys-
tematic study of all the thin sections in the collection, and from a
mass of notes has prepared a condensed and concise statement of the
results of his work.

Hisreportis divided into two parts or chapters. The first treats of pre-
Tertiary crystalline rocks, granite, granite-porphyry, and quartz-por-
phyry; and the second treats of Tertiary crystalline rocks, augite-ande-
site, hornblende andesite, andesitic pearlites, dacites, rhyolite, pumice,
. and basalt. Thisreport will have several illustrations showing some in-
teresting features in the structure of fine ground mass in volcanic rock,
and the micro-granitic structure observed in granite-porphyry. A num-
ber of curions products of decomposition will also be illustrated.

Accompanying my report is a geological map of Ruby Hill, in the Eu-
reka mining district, which is prepared from one of the larger atlas sheets
of which it forms a part. It is presented here for the purpose of show-
ing the principal physical features of the adjacent country, as well as
the position of the different mines situated on Ruby Hill, where all the
more important mining interests center. Byreference to the map it will
be seen that the intersection of the 116th meridian west of Greenwich
and the 39° 30’ parallel of north latitude occurs in the valley just west
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of the Isandula shaft, the latitude line crossing Ruby Rill about 200
feet south of the shaft of the Eureka Consolidated Mine. Eureka is
connected by the Eureka and Palisade Railway, 83 miles in length, with
the Central Pacific Road at Palisade. The railway station is situated
just north of the town, in Eureka Cafion, about a quarter of a mile below
the Eureka Consolidated furnaces. Branch tracks connect with the Eu-
reka Consolidated and Richmond furnaces, and these again by a some-
what sinuous course with the ore-dumps on Ruby Hill. Eureka, a long
narrow town, lies in the main northern drainage channel of a large area
of country, as the inhabitants know only too well during the season of
violent storms of sammer. It has a mean altitude of 6,500 feet above
sea-level, and-is the center of population and trade for this part of the
State.

Ruby Hill is situated a little to the south of west of Eureka. It stands
out as a bold termination to the long ridge of Prospect Mountain ; its
prominence being largely due to its somewhat isolated position, erosion
having worn out deep ravines on its southern slope, leaving it connected
with the main ridge by a low saddle of quartzite. The highest point on
the hill has an altitude of 7,291 feet above sea-level and about 500 feet
above the neighboring valley. On Ruby Hill are located the two prin-
cipal mining properties of the district, those of the Eureka Consolidated
and Richmond Companies, and to the west of the latter property, and
about 200 feet lower down, is the Albion shaft. The Phenix and the
Jackson properties lie to the southeast of the Eureka Consolidated, but
separated from Ruby Hill by a narrow deep ravine.

It is not my purpose within the limits of this letter to discuss the
geological features of Ruby Hill and the adjacent formations, reserv-
ing such discussions for my final report, but I desire in a few paragraphs
to explain its structure sufficiently to make the map intelligible and to
point out the relations of the beds to the main body of Prospect Mount-
ain. As previously mentioned, Prospect Mountain is mainly a sedimen-
tary uplift of Cambrian rocks. Along the castern slopes the beds dip
to the eastward, and from the entrance of Secret Cafion, where they
rise above the volcanic rocks, they present, for more than six miles, a
nearly uniform north and south strike. To the north, where the ridge
begins to descend rapidly toward the valley, that is, just to the south of
Ruby Hill, the strata bend around to the westward with a broad swing-
ing curve, as is so often seen in the structure of many anticlinal ridges.
Naturally in such cases, the lower rocks near the axis of the curve have
undergone more crushing and fanlting and lie in a disturbed and broken
condition, causing a frequent change in strike and dip. This is the
case with the Prospect Mountain quartzite; in general the structure is
simple, but owing to minor faults and local disturbances, it becomes very
complicated in detail. , '

Directly in the axis of the curve, and on the south side of the ravine
which separates Ruby Hill from Mineral Hill, occurs an obscure outcrop
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of granite. It is so insignificant and so covered with débris from the
hill-slope that it is scarcely recognizable; and, although thie region has
been examined thoroughly by seekers after ore, it has probably been
observed by few persons. There are probably very few ranges, or any
considerable group of hills in Central Gtah or Nevada, between the
Wahsateh and the Sierra Nevada Ranges, that do not present a body of
granite of greater or less extent. 1t crops out either at the base of the .
sedimentary series, is found in the low passes, or is assoeciated with
volcunic rocks. At Iureka, although the lower sedimentary beds arc
well exposed, this small outcrop of granite is, I belicve, the only one in
the district. All outerops of granite-porplhyry and quartz-porphyry at
Eureka present abundant proof of their having broken through the
surrounding sedimentary rocks, but in the case of the granite the evi-
dence is quite obscure. The overlying sedimentary beds wrap around
the granite mass, and everywhere dip away from it. Although this
exposure is quite limited, there is reason to suppose that it represents
a much larger body, and has exerted a very considerable influence on
the geological structure of adjacent rock-masses. The granite is best
observed in ecoming up the ravine from the west, and is exposed just
above the path where some miners have cut into it, attracted by the red
color of the decomposed rock. It extends from the foot-path up to
within fifty feet of the top of the hill. There are no good exposures of
the rock, and it is so much decomposed that fresh specimens are obtained
with difficulty. It presents the true granitic habit. The essential
minerals are quartz, feldspar, hornblende, and mica, the latter being
very abundant. The quartz is grayish-white in color, in irregular
pellucid grains. '

The upper beds of Prospect Mountain quartzite, in their northern ex-
tension, form the southern side of Ruby Hill. Its surface outliue is an
irregular one, and underground workings in the mines show an equally
broken line. Conformably overlying this quartzite occurs a broad belt
of limestone, which has been named Prospect Mountain limestone, as it
forms the most prominent geological formation of the mountain, It
everywhere forms the summit of Ruby Hill and its northern slope. In
its structural features and chemical eomposition it is quite identical
with the main body of limestone, presenting the same erushed and
broken character that is seen in so many places on the mountain. All
the ore deposits of Ruby Hill oceur at this horizon, many of them lying
close to the quartzite and never reaching the overlying shale, while
others near the shale are far removed from the quartzite; but in no in-
stance is either the underlying or overlying formation penetrated by ore
bodies. Both the IEnreka Consolidated old shaft and their new shaft,
which is now in process of construction, and will be ready for hoisting
early in the spring of 1882, are located in the limestone, but the Rich-
mond and Albion shafts are in the overlying shale near the contaot of
the two formations. By means of old workings it is quite possible to

3 GA
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pass from the Jackson Mine through the Phanix, Eureka Consolidated,
K. K., Richmond, and on to the Albion, reaching the surface throngh
the latter shaft.

Overlying the Prospect Mountain limestone occurs the Secret Cafion
shale, the horizon being identical with the great argillaceous shale forma-
tion that occupies the bottom of Secret Calion.

The ravine between Rnby and Adams Hill has been worn out of this
formation by crosion. Conformably overlying the Secret Cafion shale
comes the Hamburg limestone, which forms Adams Hill, extending
northward as far as the Wide West ravine. It is the same limestone
as the prominent ridge in which the Hamburg and Dunderberg mines
are located. On Adams Hill are situated the Price & Davies, Wales,
Silver Lick, Wide West, and Bowman mines. The limestone of Adams
Hill has undergone less local disturbance than that of Ruby Hill; the
strata lie inclined at a much lower angle, and on the south side of the
hill have curved around to a due cast and west course.

A second shale body occupies Wide West ravine, which erosion has
worn out in & similar manner to the ravine lying south of Adams Hill.
This shale body belongs to the horizon of the Hamburg shale, which may
be seen east of the Hamburg Mine, but which is still better developed
east of the Dunderberg Mine. North of the Wide West ravine comes in
the Pogonip limestone, the upper limestone of the Cambrian system,
which extends northward beyond.the limits of the small map.

In my report, in addition to the stratigraphical and lithological evi-
dences of the position of these beds and their relations to those of Pros-
pect Mountain, will be the evidence of paleontology, organic remains
having been secured from Ruby Hill, Adams Hill, and the overlying
Pogonip limestone which correlate the formations with similar beds to
the south. On Ruby Hill an interesting discovery was made of fossils
in a well-defined stratified limestone on the seventh level of the Rich-
mond Mine, which without doubt identify the formation with that of the
Prospect Mouantain limestone. The reason it is so difficult to connect
this northern series of beds with those upon the east side of Prospect
Mountain, is that they cannot be traced continuously, owing to a north
and sounth line of faulting which cuts off the Prospect Mountain lime-
stone, Secret Cafion shale, Hamburg limestone, and Hamburg shale, and
brings up the Pogonip limestone as a continuous body extending north-
ward beyond the limits of the map.

East of Adams Hill the Pogonip limestone dips to the eastward, and
passes under Cariboo Hill, which is eapped with Eureka quartzite, and
the same structure is again seen on the east side of Goodwin Caifion,
where the limestone conformably underlies the quartzite of McCoy’s
ridge. Overlying the quartzite of McCoy’s ridge occurs a narrow belt
of grayish-black silicious limestone, referred to the Silurian period, in
which the Seventy-six Miue is located. It is, I believe, the only mine
in the district found at this horizon.
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In closing this letter I wish to express my indebtedness to the trus-
tees of the American Museum of Natural History for the generous facili-
ties which they have afforded us, not only iu offering the use of their
valuable library and collections, but in placing the most desirable and
agreeable of working rooms at our disposal during the preparation of
the report and maps. )

Very respectfully, your obedient servant,
ARNOLD HAGUE,
Geologist-in-charge.

Hon. J. W. POWELL,

Director United 'States Geological Survey, Washington, D. C.

REPORT OF MR. RAPHAEL PUMPELLY.

UNITED STATES GEOLOGICAL SURVEY,
DivisioN oF MINING GEOLOGY,
Newport, R. I., November 10, 1881.

SiR: I have the honor to forward the following report of the work
under my charge. "

The field covered by my division has been:

1st. The gathering of statistics of mines and mining east of the Mis-
souri River.

2d. The tracing out, and the study of the extent, structure, and char-
acter of the copper-bearing rocks, bordering the northern and southern
shores of Lake Superior.

In gathering for the census the statistics of mines and mining, I have
attempted, in accordance with the desire of the Superintendent of Cen-
sus, to gather the statistical information in such a manner as to throw
as many side lights as possible upon the correlation of the different
branches of the industry and of the industry itself (as a whole), with
other industries and with society at large.

* To do this required the framing of schedules adapted to the various
branches of mining and metallurgy and containing a large number of
of questions capable of being understood by the mining community, and
to most of which the answers could be summed up to give totals for the
whole country.

. Although the questions asked varied according to the branch of the
industry, the most important of those intended to foot with totals are
contained in the following scheme ::

QUESTIONS OF LOCALITY.
State.
County.
Number of mines.
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QUESTIONS RELATING TO PRODUCTION.

Mazimum capacity of yearly product in commercial units of the sub-
stance mined.

Product during the census year in fons of the material hoisted.

Product during the census year in the commercial units of merchant-
able product. ) N '

QUESTIONS RELATING TO MATERIALS AND POWER EXPENDLED.

Value of product.
Value of materials, or supplies used.
‘Wages.
Men employed above ground.
Men employed below ground.
Boys employed above ground.
Boys employed below ground.
Total employés.
Miners.
Laborers.
Administrative force.
Number of horses, mules, and oxen.
Number of steam-engines, horse power and steam engines.
Value of all machinery.
Value of explosives.
Cords of wood used for fuel.
Value of wood.
- Lineal feet of timber used.
Value of timber.
Board measure and sawed lumber used.
Value of Inmber, ‘

QUESTIONS RELATING TO CAPITAL.

Amount of working capital.

Value of plant.

Value of real estate.

Total capital.

In addition to the above questions, to which answers were required
from all establishments, there were asked a large number of other
questions, the answers to which, from a considerable number of
establishments, would give the necessary data for estimating the totals
for the whole industry.

It was decided, with the sanction of the Superintendent of Census
and of the Director of the Geological Survey, to carry the investigation,
in 8o far as it related to the produection of iron ores for the census year,
into an exbhaustive study of the various iron ores of the United States,
with a view to determining :

1st. Their classification.
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2d. The distribution, geographically and geologically, of the different
varieties of iron ore.

3d. The manner of occurrence of the different varieties.

4th, The chemical character of the varieties.

This involved the visiting of a large proportion of the mines operated
during the census year by experts, who studied the deposits and took
commercial samples of the product. In doing this they were instructed
to take strictly ¢ average commercial samples” of the ore as ready for
shipment, and in all cases where desirable to take average samples of
the different varieties occurring in the mine in order to determine the
influence of the separate varieties upon the chemical character of the
whole product.

These samples weighing 10 to 15 pounds each, and consisting each of
several thousand chips, were forwarded to the laboratory at this office,
accompanied by hand specimens taken to illustrate each variety of ore
contained in the sample, and by triplicate specimens jllustrating the
ore and its associated rocks.

Special pains has been taken in determining the amount of phos-
phorus throughont the whole series of iron ores.

The number of schedules filled out at establishments of productive
mining industries amounts to 10,440; of these many single schedules
represent several establishments. '

In the ceusns of 1870 only 2,254 establishments were canvassed
within the sawme field.

These statistics have all been tabulated, and bulletins of several,
showing the results of various branches of the mining indnstry, have
been forwarded to the Superintendent of Census, while others are in
course of preparation,

There remains now in this department to be finished only the gener-
alization and graphic representation of these returns.

I present, in the accompanying table, an abbreviated tabulation of
the most essential results of the statistical inquiry into the mining
industries.

The returns are given in separate columns for the eastern and western
districts, Those of the eastern district were collected by my Division,
and are believed to be both complete and accurate.

Those from the western district (that is, west of the one Lundredth
meridian) were transferred to me from other divisions of the Survey,
but are still incomplete.



ADMINISTRATIVE REPORTS BY

38

*O1q®83 SIY) UL PAPNIOUL 8 QOTUA ‘woSe1() Ur Bu) 746°9g Surpdeoxe

. noewdimbe 10 juerd rero

eds Juogsta pus ‘00g T3 BSI]_JO 3UL)X0 0) pue (siouLivy £q 88) Lusnpu pezrusdonn Lq peul
0ufz pus ‘pray ‘1eddon 10§ 09e[dmonut Q1B WEIPLISW I PoIpUNT] We QU] JO IS9M WO FWANIST oY T, ||
‘TOIT 30 0INIITFNULW 97 10] UEIPLIGT GIPAIPUNY SO O3 JOIBIM PIUIW SLAL .10 UOLL OU 1894 SNSUID o Jurning §

"TRTPLISUL Y)PAIPUNL SUC [0 IS AL §
“UTIPLIGT IF}PaIpuny 9uo Jo 158 |

Y983 §U0] 000'6, Jnoqe Suronpord ‘woly pawst oq 07 104 SOLISI[00 0] AQ POFBIIOUT | [[[AL SUIN}AL 383 T, ,

o el AT 186% R - 02050618 | cp'tees | St m e men o fyefoa sx pred annomy
e soeescreseseefesssinnien e Gratgnpiy  [oeeos SRRERTETY [ orghace i 168 ‘Cep 1 10t R R R R R AR L R PR LI RE R Ayeso1 Sarded suog,
Tttt GIB'OIL'ES | 80T 'S EOT'SI6‘E$ | LIL'8ES'6$ | TOF!8GB'I$ | 660 ‘L0L°0¢k | 640 'LLb'238 oo o pred saifes [uiof,
RO i 08 67 €1 868 73 Lpy't 969 ‘v2 [AL RS TIILLITT i samRue wredys J0 deaed-astofy
Rt I 1 o1 128 oF 218 29T oS U BIBa}E JO JBqUWN N
sreemeeeeelgg z g £66 ‘e [t 4 810°6 gre'g TeTTerenn TrTrrrTTTrosteremeecssnesssectt BIROIIUE JO I8QEON
R a1 06$ TOT 166 18 | TI0'068'28 | 1t% ‘6818 COOTIOFE | LLE'RFDG8  |TToroimeorrenomeneecceenineneess 71T POSO S[RLINEW (B0,
............ -| g29°cee 1$ | 003 'TIIS 960 2L T€$ | 182'28L'T9% | £2G°08P ‘8% | 3P LIS'e0h | 96T '8R0'GCI$ |- -t ner i eemsemeprecm s s esiee s s - pyidu fR10T,
...... MR I -1 A v 008789 68 | 86501 'ed | 099 ‘wozh TIZ'C0¥'G8 | GEP 069 'GT® | ~="-vr ovrooressseeeocesecosoecooo o {1WADRTL JO QDB A
e £8L'L 9100 809 ‘18 g¥y e LY '96 18 0L I oooretee e nes o S9koyduto B30
R Rt 7 06 65 8 998G 6.6'e steserseecssecec- s punoad moreq pedordwe s£o0q Jo equmn N
......... “oeeol g0t 705 628 ‘T SERREERERETREES i) e81 'g1 smresesecesseccoo- puUnoad eaoqe pelojdmea sfoq Jo JeqENN
Tttt gagly 690'8 282 ‘el 518'g 316 9L §£2 ‘88 TTirtoiesnen ettt PUUOAT Moleq padojdime mem jo zequuN
.............. 160 “m. m.mth cpe «wﬁ 129 ¥ .MH 796 .mﬁ .-...-...-.o--..-.@ﬁﬁbhﬂ 340qQ®B ﬁOHONQEN uom JO Jeqa@nN
260 ‘01128 568 ‘81T 7S 106 G¥8'8% 400 9T °C28 | 04F LT CH [ £00'CEL6HS | BFI'ORLIIFE jo-o-rtoecmoceneer teceectcecsoteotqnpodd (890 O AM[BA
8%9 ‘401 su0y | 991 ‘pg B0} 881°T60'TS BQY| 904 *1L6 ‘L QL BT 820 "o¥6 "0F 102'8L8'RG [Tt oprececteecsiiisees tresssmccsseme-ceosaanpoad 1830,
......o._.o.-.. celh iaeen ces et 18 Y608 e s -7 $22 3% Seercssassecny IR L yupoid renrtexry
LL3'BET'ES g6 CIT %% . 106°C58'8% 9CL'0LY '02$ | OLF'2L2'eS | 86FFHO '6¥F | 00LCCLTFE “T77tm30npoId Pres JO SN[EA
84D ‘ATT ST | 902 'fC w0} | ZOL FHZ 9 "B 88T'T60'TC'BAT| 628 ‘T90 'L 9L 'Lt 68 TIL 0% | €FD 10285 | "BWOY "= <--erreneetresssececccgIUGMUBIGRIEd JO J0NPOI
ST e g8 z8 208 oF £56°C 082 Srreecsteseccesstsesensenes s URMUBI{QRISS JO JOQOIMN
...... ceeeene] g 1 T ceT 02 Pl 8 Teesstssesressceemocassicesiioccoiesetes BRIIINGD SO JOG SN AT
} oy 430111 o LAk 1o 401
-8TP WIOISLT | -SIp WINSBH | -SIP WIS A\ | -S1p WIN)RU BT WI)EI A\ | -BIp WIS 00
§ ‘010 woay o + T8
MIBIIUY
Iromz JFpeat Il -zeddog ‘Teed suounmnyLg

| ‘spunod goo‘z=muo1.}

‘0881 ‘T sunp 07 ‘Gry1 ‘1 ounp wodf saymg oy oy fo uoyonpold yossurpy



PUMPELLY. ) THE HEADS OF DIVISIONS. 39

In the work of determining by chemical analysis the economic value
of the iron ores of the United States, the collecting of average commer-
cial samples of the ores has been finished, and the following table will
show the number of samples collected in each State.

Total nnmber of samples received np to November 1, 1881, 1,388,

Apportioned as follows:

Alabama ..o oo 78 | New York .oooooienn il o, 159
British Columbia ...... ... ... ..., 1 | North Caroling .................... 73
California ..oovuooecnn e, %: B0 ) 1 1o J A 93
Colorado .cocericmennt ciaee ... 31 | Oregon..... et atae e e 3
Connecticut ... . ... _...ia..s 18 | Pennsylvania...c.oeoos veeaai o oan 133
Georgia ..o el i e 61 | RhodeIsland..................... 1
Kentneky cveevvceaniacinanninnn 34 | Tennessee .cue ceoevenne. . ceesasaa 104
Lake Superior ........c. ool .o 139 | Utah .ol 29
Maine....coeomiiiniiiaci i, 3| Vermont eoev veueen ooiii i, 10
Maryland -cooeeioeaen i, 55 | Virginia ......oooooiiiiiiilil 100
Massachusetts coee voeccnennreannnn 11 | Washington Territory ............ 1
Minnesot& ... coon vl oo 8 | West Virginia ......... ... 19
Missouri .ooceeievnin i 49 | Wisconsin.c.cvevees cinrvenn cnnnns 6
Nevada ceeeieiniein iinian.n, 1 | Wyoming Territory............... 2
New Hampshire ........ccoc coo.-. 1 ~ —_—
New Jersey...c.caeene ionnn. R 109 Total .cooencvneiio.n, venens 1,388
New Mexico .o.. covmeniian i ins 2

Of these samples there have been analyzed the aggregate numbers set
down opposite the names of the respective districts in the following
table.
" Analyses made up to November 1, 1881, 807.
Apportioned as follows:

Partials. | Complete. | Total.

AJaBAMA ... et iieciiersisrac e iame e s e e aaas 71 5 I 76 .
(97701611013 1511 O R R S 1 7 P 16
(61124 ¥ A P 41, 4 45
e 117 L) 32 1 33
Lake SUPETIOT .. cveu i iiiiieiimiiciritaste i iraanrcreerriians 113 28 141
05 1 - 2 1f. 3
Ma8s2chusSettB cuereiiniin et e rittionanianscecaaca s ssansaan b L1 P 10
MISSOTTE ... oo iaiieiieecaiaicccciiicve-cmmmeacnacanenn- 43 5 48
Wew Hampshire t.c.vevueeiniioiecaancraesocnocossmraoasmamcnnans i O 1
NOW JOT8EY cvvn et v cmimriscssisacmssimctam e rmaramaarasasesnns 44 5 49
W YOI oo i iiin it i cecaccrcceeectenearcnmmene e 63 3 60
NOrtD CaATOlING o e i oo i eectaeantamntnrt mnnccocraaannssssnsns: 54 10 64
Rhode Island..... r e e awe e aceaeeasieeneeaenmine s ) B P 1
JA A0 cY 08 L1 LT - 130 14 144
20 i '+ T1.1 1 | U 9 1 10
VALEIDIR . crieitie s e e ccmamate e anneaans e mamnnan 28 12 ‘ 100

7 S s 718 ‘ 89 I 807

Professor Irving has finished his study of the copper rocks of Lake
Superior, having followed themn from the end of Keweenaw Point through
Wisconsin, across the Mississippi, aud northeast along the north shore
of Lake Superior into the British territory, to connect with the work of
the Canadian geologists, The report, containing claborate, instructive,
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and valuable results, is already ju my bands, and will be forwarded to
you in a few days.
I have the honor to be, sir, your obedient servant,
RAPHAEL PUMPELLY,
Geologist in charge.
Hon. J. W. POWELL,
Director United States (eological Survey.

REPORT OF MR. G. F. BECKER.

D1vIisioN oF MINING GEOLOGY,
DISTRICT OF THE GREAT BASIN,
New York, October 27, 1881.

SIR: At the date of the last annual report I had been engaged sinco
the preceding April in investigating the geology of the Comstock lode,
and at the same time in conducting the census examination of the min-
eral industry west of the Rocky Mountains. The detailed report of the
latter work belongs elsewhere, and it is sufficient to state in this place
that throughout the past year it has continued to occupy, and still oc-
cupies & portion of my time.

The field work on the Comstock was continued through the winter
months, and was not ecompleted until March, 1881, eleven months from
its commeneement, So extended an examination was rendered neces-
sary in part by the geological difficulties, but largely also by the fact
that the district bad previously been examined by a number of eminent
geologists, with not altogether accordant results. Inthis, perhaps final
examination, it was therefore needful to accumulate a vast amount of
~ evidence of the most precise and detailed character as a means of decid-
ing disputed points. At the close of my field work on the Comstock, 1
was ordered to New York, and have sinee been engaged in working up
the material collected and in preparing the observations made, for pub-
lication. The resulting paper is now nearly completed.

Mr. R. H. Stretch, whom I engaged to assist me in mapping the un-
derground geology of the Comstock, completed his contract about April
first. Mr. Streteh’s familiarity with the inaceessible upper portion of the
lode, which be had mapped for the Exploration of the Fortieth Parallel,
made him an especially valuable assistant in the very complicated oper-
ation of bringing to bear the maximum amount of evidence on the strue-
ture of the sections chosen.

On May first, Mr. . R. Reade resigned his position as assistant geolo-
gist. The collections of the Washoe District owe much to his efforts,
as well as the computation of the inerease of temperature below the sur-
face at Virginia. :

On July first, Dr. Carl Barus, a digest of whose work as physiecist on
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my staff will appear elsewhere, having completed, more than satisfac
torily, the investigations I required, was assigned the prosecution of in
quiries not connected with my duties.

From the first of April Mr. J. S. Curtis, who during the previous year
had served as census expert under my direction, was appointed geolo-
gist, and ordered to report to me. He was directed to undertake au
examination of the mine geology of the Fureka District, which forms a
necessary complement to Mr. Hague’s examination of the general geol.
ogy of the region. The Eureka ore deposits are of a somewhat remark-
able character, consisting in masses .of ore distributed in limestone.
The nature of the connection existing between these bodies has formed
the question at issue in several of the most important miuing lawsuits
which have ever been tried in the United States. Several of the most
noted geologists of the continent, and a large number of well.known
mining experts have made public their views regarding the nature of

‘these deposits, but ncither geologists nor experts have been able to
agree upon an opinion. Mr. Curtis will continue his examination un-
til he has accumulated as much evidence as is obtainable upon the
following points ‘

1. The structural nature of the deposits; that is to say, whether they
have any direct communication with one another, and are to be regarded
as forming an irregular vein, or are entirely isolated, and share only a
common origin, &e.

2. The peculiar physical and chemical conditions which have brought
about the actual distribution of the ore-bodies.

3. The changes which the ore has undergone in place.

4. The probable origin of the ore, and the method of its deposition.

5. The dependence of these features upon the lithological character
and the structural phenomena of the surrounding region.

A very large amount of laboratory work is a nccessary concomitant
of the study of the subjects mentioned; and as on the Comstock, the
disputed indications of the phenomena necessitate the accumulation of
an unusual! amount of evidence. Mr. Curtis’s examination is still in
active progress. Its results will be ready for publication in about a
year, .

Very respectfully, your obedient servant,
GIEQ. ¥. BECKER,
Geologist-in-charge.

Hon. J. W. POWELL,

Director United States Geological Survey, Washington, D, C.
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REPORT OF DR. F. V. HAYDEN.

PHILADELPHIA, PA., November 19, 1881.

Sir: I have the honor to submit herewith a brief abstract of my opera-
tions under your direction for the past fiscal ycar. The work has been
a continuation of that noticed briefly in the first annual report of the
survey, on page 50, namely, a digest of the field notes and various reports
which have been prepared by me or under my direction for several years
past, embracing that portion of the Rocky Mountain region that lies
north of New Mexico and west of the 94th meridian.

No field work has been performed by me during the past year. My
studies during that time have been mostly confined to the region drained
by the Missouri River and its tributaries. The early explorations, which
really comprise its history, have been examined. The physical geo-
graphy as well as the geology of this vast region is full of interest, much
of which remains to be written. The eountry Iying more immediately
along the main Missouri and Ycllowstone Rivers was the scene of my
carly explorations, from 18563 to 1860, when the region was mostly un-
known and almost inaccessible. Traveling was then necessarily slow
across the broad arca between the Missouri River and the Rocky Mount-
ains, enabling the geologist to study with considerable detail the simple
but interesting geological structure of what is usually termed the plain
country. At the present time the railroads are so numerous that the
tendency to pass rapidly over this great intermediate belt is universal,
so that this vast area of nearly or quite horizontal strata receives very
little study except from the window of a railroad car, In the plains of
Kansas, Nebraska, Dakota,and Montana the geology is very simple and
the work can be performed with great rapidity, as extended areas of the
strata are horizontal or nearly so. Though much is known, there re-
mains still a good deal of work to be done before we can affirm that we
have a critical knowledge of the geology. The period of pioneering hias
passed away, and at the present time the completion of our knowledge
of the geological structure of the plains can be greatly facilitated by
using the thoroughfares as base lines, radiating from them in every
direction.

During the past summer I have spent some time in digesting the
history and results of the exploration of the Black Hills of Dakota. The
publication of the excellent monographie study of this mountain range
by Messrs. Newton and Jenney, under the auspices of the Director of
the United States Geological Survey, has stimulated the interest anew.
I have made a eareful examination of the geological portion of the report
. prepared by Mr, Newton, and I am glad to bear testimony to its great
value, conscientions aceuracy, and fairmindedness throughent.  The re-
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port is so exhaustive that it must form a datum point for the future
study of the geology of the Northwest. Similar monographic studies
of greater or less importance might be made of other isolated ranges
east of the main Rocky Mountains, as the Big Horn, Bear’s Paw, Little
Rocky, Girdle Mountains, &c.

The writer visited a portion of the Black Hills in the winter of 1854;
in 1856 he acted as geologist to the exploration of this region, conducted
by General Warren, United States Engineers, and in 1859 he examined
the northeastern portion as geologist to the expedition commanded by
Colonel Raynolds, United States Engineers. All these examinations
were mere reconnaissances, and no time was permitted for those mature,
detailed studies of which Mr. Newton’s report is a type.

The problems connected with the Coal or Lignitic groups of the North-
west have been still further examined. The reports of the Canadiau
Geological Survey, and particularly those of Dr. Hector and Mr. G, M.
Dawson, of the Northwest Boundary Survey, have been of the greatest
aid. The great Lignitic group, as well as other formations known in the
Upper Missouri region, are extended northward far into British :A merica,
so that the Iabors of the Canadian surveyors become of great import-
ance to the United States geologists. Although many geologists may
affirm with much positiveness that the precise age of the Lignitic is fixed
in the geological scale, the difference of opinion among certain eminent
geologists in this country and in Europe and the conflicting evidence ot
the organic remains shows that much remains to be done before the
problem can be regarded as clearly solved. The term Laramie group
was established by the study of certain coal strata in eastern Colorado
and along the line of the Union Pacific Railroad in Wyoming Territory.
These coal strata continue northward, without interruption, far past our
northern boundary into British America. At the south the organic con-
tents indicate that nearly the entire group of strata is of brackish-water
origin, while northward along the Ycllowstone and Missouri Rivers, the
great thickness of coal or Lignitic beds are brackish at the base, but
soon become purely fresh water., The plant remains are similar and in
many cases of identical species. On the Missouri River the coal beds
were designated many years ago as the Tort Union group. So far as
we now know, there is no distinct line of demarcation between the Fort
Union and Laramie groups. Are they identical in part or entirely?
With the data before me, I am unable to determine this question. I
would respectfully suggest that a eritical examination of a belt of country
from a point on the Union Pacific Railroad where the Laramie group is
well shown, fifty to one hundred miles in width, northward, passing up
between the Black Hills of Dakota and the Big Horn range to the north-
ern boundary of the United States, would furnish a vast mass of material
toward the settlement of this question. A continuous section should be
made and the orgauic remains of each layer, however thin or apparently
unimportant, should be preserved and kept separatc. So far as we know
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at this time, there is no well-defined break in the continuity of the strata
in the plains from the base of the Cretaceous to the summit of the latest
Tertiary, and yet, along the borders of the mountain ranges some uncon-
formability has been observed. In the examination of the belt of coun-
try suggested, the eastern base of the Big Horn range and the western
side of the Black Hills would show the entire series of sedimentary
strata known in the Northwest.

The material relating to the Yellowstone Park now under my con-
trol has been put in shape for publication. Should the survey under
your charge be hereafter extended into this interesting region, the re-
ports, maps, charts, &c., must be important,

A geological map on a scale of 12 miles to one inch, covering the
entire area examined by me, or under my direction, from 1853 to the
close of the season of 1878, is nearly completed. This map can be im-
proved from year to year as additional material is collected, and thus
made useful in connection with the more extended enterprises of the
survey. v

In presenting this brief report, I beg permission to thank you cor-
dially for much courtesy and personal kindness.

Very respectfully, your obedient servant,
. V, HAYDEN,

Hon. J. W. POWELL,

Director, United States Geological Surcey.

REPORT OF MR. CLARENCE KING.

NEW YORK, November 1, 1881.

Sir: Ihave the honor to submit the following brief statement of the
executive direction for the fiscal year ending June 30,1881, of an inves-
tigation concerning the production of the precious mnetals in the United
States for the census year ending May 31, 1880, and incidentally for the
fiscal year ending Juune 30, 1880.

As no investigation of the production of the precious metals for a
given period could be intelligently undertaken until the close of that
period, active operations weré not commenced until the end of the
above-mentioned census year.

On the 1st of June, 1830, I effected an organization, employed a corps
of special experts, and dispatched themn to the field, charging them with
the duty of personally visiting all the important precious-metal dis-
tricts of the United States, and with the investigation of the total
output of gold and silver.

Tror purposes of convenience and easy executive control, the whole
country was divided into the following three general divisions:

(1.) Division of the Pacific, consisting of California, Washington,
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Oregon, Idaho, Utah, Nevada, and Arizona, under the immediate
charge of George F. Becke1 , geologist, United States Geological Survey,
whose headquarters were at San Francisco, Cal.

(2.) Division of the Rocky Mountains, consisting of Montana, Dakota,
‘Wyoming, Colorado, and New Mexico, under S. T. Emmous, geologist,
United States Geological Survey, having headquarters at Denver, Colo.

(3.) Eastern Division comprising all the States and Territories east of
the Rocky Mountains, under the charge of Raphael Pumpelly, geologist,
United States Geological Survey, with headquarters at Newport, RR. 1.

Each of these three Chiefs of Division were directed to employ the
necessary special experts, who upon my nomination were duly appointed
by the Hon. Francis A. Walker, Superintendent of Censns.

The members of the staff and their territorial assignment were as

follows:
PACIFIC DIVISION.

Mr. J. M. Cunningham, for the eastern portions of Washington and
Oregon and the northeastern part of California;

Mr. J. 8. Curtis: Nevada, south of the line of the Central Pacific
Railway; '

Mr. J. H. Hammond: Central and eastern counties of California.

Mr. D. B. Huntly: Utah, Southwestern Nevada, and portions of Cal-
ifornia ; ' :

Mr. H. W, Leavens: The tract lying west of the Cascade and Coast
ranges in Washington, Oregon, and Northern California ;

Mr. Walter Nordhoff: Sonthwestern and Middle Arizona;

Mr. W. H. Sander: Western Arizona;

Mr. Luther Wagoner: Southern California;

Mr. Albert Williams, jr.: Idaho, Nevada, north of the Central Pacific
Railway, and the Comstock Lode.

DIVISION OF THE ROCKY MOUNTAINS.

Mr. W, B. Fisher: Portions of Lake, Chaffee, Clear Creek, and Gilpin
Counties, in Colorado, and Beaverhead County, in Montana;

Mr. William IFoster : Montana and Wyoming;

Mr. J. E. Hardman: The smelting works in Lake County, Park and
Summit Counties, and portions of Clear Creek and Gilpin Counties, in
Colorado;

Mr. Charles Potter: Mew Mexico;

Mr. E. H. Schaeffle: Dakota and portions of Colorado;

Mr. W. G. Sharp: San Juan, Hinsdale, Gunnison, La Plata, Hner-
fano, Ouray, and Rio Grande Counties, in Colorado, and portions of
New Mexico.

In addition to the census experts, the following-named gentlemen
acted as temporary assistants: Messrs. Herman Garlichs, J. C. Hines,
H. B. Price, H. L. Simmons, and W. H. Whittlesey, in Colorado, and
W. F. Wheeler, in Montana.
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EASTERN DIVISION.

Mr. George H. Eldridge: Southern States and reduction works east
of the Missouri River;

Prof. N. 8. Shaler, with the assistance of Messrs. Joseph M. Wilson
and J. E. Wolff: New England States.

The above organization was completed and in the field by June 30,
1880, and continucd the active prosecution of field work to the close of
the fiscal year, at which time the field investigation was, as far as prac-
ticable, completed.

The assistants rendered their detailed reports to the three Chiefs of
Division, and were then all discharged with the exception of three
experts who were retained for the officc work in the compilation and
tabulation of the statistical results.

The field investigations were conducted upon a series of elaborate
schedules, embracing not merely the questions of total ontput of ores
and total yield of gold and silver bullion, but comprehending as well o
close analysis of all the methods of production, mechanical and metal-
lurgical, together with a detailed study of the character and cost of the
labor, power, and material consumed in the industry. _

The returns from the field investigation comprise reports from 1,967
deep mines, 325 placer mines, 327 amalgamating mills, concentration
works, chlorination and leaching establishments, 86 smelting works, and
25 arrastras, making in all 2,730 detailed reports.

The close of the fiseal year, June 30, 1881, marked the close of the
field investigation and the beginning of the office compilation and tab-
ulation. :
Very respectfully, your obedient servant,

CLARENCE KING.
Hon. J. W, POWELL,
Director United States Geological Survey.
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THE PHYSICAL GEOLOGY OF THE GRAND CARON
DISTRICT.

BY CLARENCE E. DUTTON.,

CHAPTER 1.
THE PLATEAU PROVINCE.

The investigations made by this division of the Geological Survey
during the last two years have been pursned with the object of increas-
ing our knowledge of the pbysical and historical geology of the West
and have had little relation to cconomic interests. The field of labor is
one of the most impressive and instructive in the world—impressive by
reason. of the magnificent scale on which certain processes of nature
have operated, and instructive because the causes, methods, and results
of those processes are revealed with a distinetness which is unparalleled.
This field comprises the Grand and Marble Caiions of the Colorado and
the regions which drain into them. To the entire traet, comprising an
area of more than 13,000 square miles, I have given the name of the
GRAND CANON DISTRICT." .

The lessons which the geologist finds in this district are many, but the
most conspicuous one embraces those subjects which are included under
the nearly synonymous names “ LAND SCULPTURE,” ¢ DENUDATION,”
“ KROSION.” These processes operate npon the land unceasingly, carv-
jug out mountains and valleys and giving shape and character to the
earth’s surface. They represent the work done upon the land by the
winds and rains, by flowing water, by the chemical reactions of the at-
mosphere and of organic life. These processes are operative almost .
everywhere, and their results in the lapse of immense periods of time
attain magnitudes, the statement of which may astonish the ordinary
reader and perhaps excite his incredulity, but which at length appear
veritable when tested by geological research and deduection. In no -
other portion of the world are the natural laws governing the processes
of land sculpture exemplified so grandly; nowhere else are their results
set forth so clearly. The interest excited by the grandeur of the sub-
" jects is intensified, and the value of the lessons enhanced, by the ex-
ceptionally intelligible manner in which their materials are presented
for study. :

4 G A 49



50 GRAND CANON DISTRICT

TFor convenience of geological discussion Professor Powell has divided
that belt of country which lies between the meridian of Denver, Colo.,
and the Pacific and between the 34th and 43d parallels into provinces,
each of which possesses topographical features which distinguish it from
the others. The easternmost he has named the Park Province. It is
situated in the central and western parts of Colorado and extends north
of that state into Wyoming and south of it into New Mexico. It is pre-
eminently a mountain region, having several long ranges of the second
order of magnitude. The structure and forms of these mountains are
not exactly similar to those of any other region now well known, but
possess some resemblance to the Alps, though not a very close one.

As we pass westward of these ranges in Colorado we enter, near
the western boundary of that state, a region having a very different to-
pography. The mountains disappear almost wholly, and in their stead
we find platforms and terraces nearly or quite horizontal on their sum-
mits or floors and abruptly terminated by long lines of cliffs. They lie
at greatly varying altitudes, some as high as 11,000 feet above thesea,
others no higher than 5,000,and with still others occupying intermediate
levels. Seldom does the surface of the land-rise into conical peaks or
into long narrow crested ridges; but the profiles are long, horizontallines
suddenly dropping down many hundreds or even two thousand feet
upon another flat plainbelow. This region has been very appropriately
named, by Powell, the Plateau Province. If occupies a narrow strip in
the extreme western part of Colorado, a similar strip of western New
Mexieo, a large part of southern Wyoming, and rather more than half
of Utah and Arizona.

West of the Plateau Province is the Great Basin, so named by TFre-
mont because it has no drainage to the ocean. Itstopography is wholly
peculiar and bears no resemblance to either of, the two just alluded to.
It contains a large number of ranges, all of which are very narrow and
short, and separated from each other by wide intervals of smooth, bar-
ren plains. The mountains are of a low order of magnitude for the
most part, though some of the ranges and peaks attain considerable
dimensions. Their appearance is strikingly different from the noble
and picturesque outlines displayed in Colorado. They are jagged, wild,
and ungraceful in their aspect, and, whether viewed from far or near,
repel rather than invite the imagination.

The Wasatch, however, is an exception. This noble range is properly
a part of the Basin Province, and is one of the finest and most pictur-
esque of the West, but so completely does it contrast with the other
Basin ranges that it may be regarded as an anomaly among them. The
topographical features of this region are also found outside of the Iim-
its which Frémont assigned to the Great Basin, and reach southward
into Arizona and northward into Idaho and Oregon. The Basin proper
covers the western part of Utah, nearly the whole of Nevada, and a
small portion of southern Oregon and Idaho. Its western boundary is
the base of the Sierra Nevada.
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No attempt will bemade here to characterize the Sierra Nevada, partly
because it is not thoroughly understood, but especially becauseit is re-
mote from the region here to be discussed, and preseuts few considera-
tions essential to that discussion. The Grand Cafion District is a part
of the Plateaun Province, and to this province as a whole we may now de-
vote our attention.

Asalready indicated, it lies between the Park and Basin Provinces, and
its topography differs in the extreme from those found on either side of'it.
It is the land of tables and terraces, of buttes and mesas, of cliffs and
cafions. Standing upon any elevated spot where the radius of vision
reaches out fifty or a hundred miles, the observer bebolds a strange spec-
tacle. The most conspicuous objects are the lofty and brilliantly colored

Fi1c. 2—Butte of the Crosa. Trias.

cliffs. They stretchtheir tortuouscourses across the land in all directions,
yet not without system; here throwing out a great promontory, there
receding in a deep bay, and continuing on and on until they sink below
the horizon or swing behind some loftier mass or fade out in the distant
haze. Each cliff marks the boundary of a geographical terrace and
marks also the termination of some geological series of strata, the edges
of which are exposed like courses of masonry in the scarp-walls of the
palisades. In the distance may be seen the spectacle of cliff rising
above and beyond cliff, like a colossal stairway leading from the torrid
plains below to the domain of the clouds above. Very wonderful at
times is the sculpture of these majestic walls. Thereis an architectural
style about it which must be seen to be appreciated. The resemblances
to architecture are not fanciful or metaphorical, but are real and vivid;
so much so that the unaccustomed tourist often feels a vague skepticism
whether these are truly the works of the blind forces of nature or
of some 1ntelligence akin to the human, but far mightier; and even
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the experienced explorer is sometimes brought to a sudden halt and
filled with amazement by the apparition of forms as definite and elo-
quent as those of art. Each geological formation exhibits in its cliffs a
distinet style of architecture which is not reproduced among the cliffs
of other formations, and these several styles differ as much as those which
are cultivated by different races of men.

The character which appeals most strongly to the eye is the coloring.
The gentle tints of an eastern landscape, the pale blue of distant mount-
ains, the green of vernal or summer vegetation, the subdued colors of
hillside and meadow, are wholly wanting here, and in their place we
behold belts of brilliant red, yellow, and white, which are intensified
rather than alleviated by alternating belts of gray. Like the architect-
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ure, the colors are characteristic of the geological formations, each series
"~ having its own group and range of colors. They culminate in intensity
.in the Permian and Lower Trias, where dark, brownish reds alternate
with bands of chocolate, purple, and lavender, so deep, rich, and re-
splendent that a painter would need to be a hold man to venture to
portray them as they are.

The Plateau country is also the land of cafions, in the strictest mean-
ing of that term. Gorges, ravines, canadas are found and are more or
less impressive in every high region; and in the vernacular of the West
all such features are termed calions, indiscriminately. DBuat those long,
narrow, profound trenches in the rocks, with inaccessible walls, to which
the early Spaniards gave the name of cajon or caiion, are seldom found
outside the plateaus. There they are innumerable and the almost
universal form of drainage channels. Large areas of the Plateau coun-
try are so minutely dissected by them that they are almost inaccessible,
and some limited though considerable tracts seem wholly so. Almost
everywhere thé drainage channels are cut from 500 to 3,000 feet below
the general platform of the immediate country. They are abundantly
ramified and every branch is a cafion. The explorer upon the mesas

‘ above must take heed to his course in such a place, for once caught in
the labyrinth of interlacing side gorges, he must possess rare craft and
self-control to extricate himself. All these drainage channels lead down
to one great trunk channel cleft through the heart of the Platean Prov-
- ince for eight huudred miles—the chasm of the Colorado, and the cai-
ons of its principal fork, the Green River. By far the greater part of
thesc tributaries are dry during most of the year, and carry water only
at the melting of the snow and during the brief periods of autumnal
and vernal rains. A very few hold small, perennial streams, coming
from the highlands around the borders of the province, and swelling to
mad torrents in times of spasmodic floods.

. The region is for the most part a desert of the barrenest kind. At
levels below 7,000 feet the heat is intense. and the air is dry in the
extreme. The vegetation is very scanty, and even the ubiquitous sage
(Artemisia tridentata) is sparse and stunted. Here and there the cedar
(Juniperus occidentalis)* is seen, the hardiest of arborescent plants, but
it is dwarfed and sickly and seeks the shadiest nooks. At higherlevels
the vegetation becomes more abundant and varied. Above 8,000 feet
the plateaus are forest-clad and the ground is carpeted with rank grass
and an exuberant growth of beautiful summer flowers. The summers
there are cool and moist; the winters severe and attended with heavy
snow-fall.

* Botanists informme that the predominant upland juniper of the Platean Province,
as the species are now distributed according to Dr. Engelmann’s revision published in
1877, would be Juniperus Californica, var. Utahensis, rather than J. occidentalis, some of
the varieties of which may, however, occur there. Until that revision was made the
western junipers were little known, and several distinct species were indiscriminately
classed as J. occidentalis, '
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F1G6. 4—The Water Pocket Canon.

The Plateau Province is naturally divided into two portions,anorthern
and a southern. The dividing barrier is the Uinta range. This fine
mountain platform is, in one respect, an anomaly among the western
ranges. It is the only important one which trends east and west. Start-
ing from the eastern flank of the Wasatch, the Uintas project eastward
more than 150 miles, and nearly join perpendicularly the Park ranges
of Colorado. Of the two portions into which the Platean Provinee is
thus divided, the southern is much the larger. Both have in common
the plateau features; their topographies, climates, and physical features
in general, are of sn:mla,r types, and their geologmal features and history
appear to be closely related. But each has also its peculiarities. The
northern portion is an interesting and already celebrated field for the
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study of the Cretaceous strata and the Tertiary lacustrine beds. The
subjects which it presents to the geologist are most notably those which
are embraced under the department of stratigraphy--the study of the
succession of strata and co-related succession of organic life. Other- .
wise the region is tame, monotonous, and unattractive. The southern
portion, while presenting an abundance of material for stratigraphical
study, and in this respect fully rivaling, and perhaps surpassing, the
northern portion, also abounds in the grandest and most fascinating
themes for the student of physical geology. In respect to scenery, the
northern portion is almost trivial, while the southern is the sublimest on
the continent. With the former we shall have little to do; it is the lat-
ter which claims here our exclusive attention.

The southern part of the Plateau Provinee may be regarded as a vast
basin everywhere bounded by highlands, except at the southwest, where
it opens wide and passes suddenly into a region having all the charac-
teristics of the Great Basin of Nevada. The northern half of its eastern
rim consists of the Park ranges of Colorado. Its northernrim lies upon
the slopes of the Uintas. At the point where the Uintas join the
Wasatch, the boundary turns sharply to the south, and for 200 miles the
High Plateaus of Utah constitute the elevated western margin of the

- Province. o ,

It is from the summits of the High Pldateaus that we gain our first
comprehensive view of those grand facts which are the principal sub-
jects of this discourse. But let me first ask the reader to endeavor to
frame some conception, however crude, of three lines, each 200 miles
long, placed in the positions of three sides of a square; the fourth side
being for thc moment neglected. Upon the eastern side conceive the
Park ranges of Colorado; upon the northern, the Uintas; and upon the
western side the southern portion of the Wasatch and the High Plateaus
of Utah; and all these highlands having altitudes ranging from 9,000 to
12,000 feet above the sea, while the included area varies from 5,000 to

© 7,000 feet high. The space thus partially bounded may represent the
northern part of the southern Plateau Province. Along the line re-
quired for the fourth and south side of the complete square there is no
boundary. The topography continues on beyond it to the southward,
and also widens out both west and east and overspreads an additional
area more than twice as great as that already defined. . From the cast-
ern crests of the High Plateaus we may obtain an instructive overlook
of the northern portion of the southern Plateau country.

The easiest line of approach is from Salt Lake City. Proceeding south
from that town along the western base of the Wasateh, we reach the
southern end of that fine range about 90 miles from Salt Lake. The
last mountain pile is Mount Nebo, and skirting around its southern flank
we Soon perceive to the southeastward a long and very lofty ridge 20 to
30 miles distant. This is the Wasatch Plateau, the northernmost mem-
ber of the group of. High Plateaus. It has nothing in cominon with the
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Wasatch Mountain range, being wholly disconnected from it and stand-
ing with a wide interval en échelon to the southeastward of it. The Wa-
satch Plateau presents a long, straight, horizontal summit projected
against the sky without peaks or domes, resembling somewhat the ridges
of Pennsylvania and Virginia, but on a grander scale. We perceive
along its entire western front a rapid slope, descending to the bottom of
the San Pete Valley at its foot. It is uot deeply incised with ravines
and amphitheaters, nor notched with profound transverse gorges, asare
ordinary mountain ranges, but shows a slightly diversified slope in every
part. As we draw nearer we begin to see the attitudes of the strata
composing its‘mass, or, as the geologists say, its *structure.” The strata
are inclined at the same angle as the slope of its flank. In the valley
below, the beds are horizontal ; as they approach the base of the plateau
they flex upwards and ascend the slope ; as they reach the summit they
flex back to horizontality, If we ascend the plateau and ride eastward
a very few miles, there suddenly Lreaks upon the view a vast and im-
pressive panorama. I‘rom an altitude of more than 11,000 feet the eye
can sweep a semicircle with a radius of more than 70 miles, and reach far
out into the heart of the Plateau country. We stand upon strata of Lower
Tertiary age, and beneath onr feet is a precipice leaping down across the
leveledges ofthe beds upon a terrace 1,200 feet below. The cliff on which
we stand stretches far northward into the hazy distance, gradually swing-
ing eastward and then southward through acourse of morethan a hundred
miles, and vanishing below the horizon. It describes, as we well kuow,
a rude semicircle, around a center about 40 miles east of our standpoint.
At the foot of this cliff is a terrace of greatly varying width, rarely less
than 5 miles, consisting of Upper Cretaceous beds nearly but not quite
horizontal. They incline upwards towards the east at angles rarely so
great as 39, and are soon cut off by a second cliff plunging down 1,300
feet upon Middle Cretaceous beds. This second cliff describes a semi-
circle like the first, but smaller and concentric with it. From its foot
the strata still rise gently towards the east, through a distance of about
10 miles, and are cut off as before by a third series of cliffs concentric with
the first and second. For the fourth and fifth time this process is re-
peated. In the center of these girdling walls is an elliptical area about
40 miles long and 12 to 20 miles broad, completely surrounded by mural
escarpments more than a thousand feet high. This central spot is
called the SAN RAFAEL SWELL, and it is full of interest and suggestion
to the geologist. From its central point the strata dip away in all
directions, the inclinations, however, being always very small.* This
configuration of the strata (dipping away from a central point in all
directions) is technically termed ‘“quaquaversal.”

The accompanying diagram (Plate XI) shows the relative masses and
positions of the strata as they would appear in vertical sections cutting

. Upon the eastern margin of the swelfis one of those great ‘ monoclinal flexures”
with a high inclination so characteristic of the Plateau Country. These will be ad-
verted to hereafter. '
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east and west through the Wasatch Plateau to the San Rafael Swell. It
will be observed that the lower Tertiary is found only on the summit and
western flank of the platean. The Cretaceous extends further out, but
is atlast cut off in turn ; and aslower and lower beds are exposed to day-
light, they too are similarly cut off until the summit of the Carbonifcrous
18 nearly or quite exposed within the swellitself. The approximate length
of the section here given is about 55 miles, and the thickness of the strata
from the summit of the Carboniferous to the top of the Lower Tertiary is
nearly 11,000 feet.

The geologist who becomes aware through observation of the general
faets thus set forth quickly reaches the following coneclusion: The beds
which are successively terminated in the terrace cliffs once reached fur-
ther eastward, and in all probability every one of them extended in full
volume and without a break entirely over the locus of the swell to
regions far beyond it. Upon the eastern side of the swell, and at vary-
ing distances from it, the missing strata reappear in inverse order,
with terminal cliffs facing the westward. ¥rom the intervening space
they have been swept away by erosion.

In restricted localities of a few square miles, in a river valley, in the
open glades of a hill-country, the most unscientific observer may be easily
convinced that the waste of thousands of years has broken the continuity
of the strata and quarried away large masses of rock. But in the wide
expanse before us even the mind of the geologist may falter before
accepting a conclusion so portentrus. The magnitude of the work is
oppressive, and cautious philosophers are reluctant to take up and carry
the burden of unusuallylarge figures. They prefer to cast aboutin order
to see whether some easier conclusion may not be discovered. The one
already stated is to the effect that a body of strata more than 10,000 feet
thick and more than 500 square miles in area have been swept off from
the surface of the swell; that nearly 9,000 feet have been removed from a
much larger annular space around it; 7,000 feet from a still larger and
remoter space; and so on with expanding annuli, from which succes-
sively deereasing amounts have been denuded. It is needless to define
iust here the limits of the dennded region, even if it were possible. It
is sufficient to say that its extent is mnch more than 10,000 square miles,
and that the thickness of the strata removed varies from a few hundreds
to more than 10,000 feet. Nor does the conclusion stop here. The San
Rafael region is only one of a considerable number of the subdivisions of
the Plateau Province where the same enormous extent of erosion has
taken place. It is not the largest of those subdivisions, nor is the thiek-
ness of the removed strata the greatest there. - It is merely an example,
and whatsoever it reveals in regard to erosion is but a group of events
common to the entire southern province with its vast area of nearly
100,000 square miles. Thaveselected it for discussion because its array
of facts in evidence is more easily handled and can be more lucidly pre-
sented than those of the other subdivisions, Let us, then, examine in
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detail the argnments upon which this deduction of a great denudation
is based. L

- If we stand before one of the great marginal cliffs which bound the
several terraces, we shall speedily detect abundant evidence that time
and the elements are slowly robbing its face of the materials which com-
pose its mass. Kragments have spawled off and fallen, and they now
lie at its base in great quantities, forming atalus. Cliff and talus alike are
seamed and scored with rain-gullies, and if we are fortunate enough to
observe the effects of a shower we shall see the waters trickling, spout-
ing, or rushing down through every seam and gully, carrying sand, mud,
and small fragments with which they are charged to their utmost capacity.
The meaning of this is that the cliff is wasting away, and its locus
through the agesis farther and farther back., This backward movement
of the line of frontage by slow waste is very happily named by Powell
the Recession of Cliffs.

It may seem at first as if the rate of recession must be so exceedingly
slow that when we are asked to consider the possibility of a recession of
thirty or forty miles the argument would break down under the weight
of its time-factor. Bnt it will be shown hereafter that in the total pro-
cess of denudation the rate of recession is rapid enough to satisfy the
temper of such geologists as may be parsimonious or even very stingy
in their allowances of time. It is sufficient here to advert to the very
obvious fact that the cliffs are receding, and that at some former geo-
logical period they once stood nearer the center of the denuded district.
Now, it is snfficiently obvious that if we aliow the imagination to range
back indefinitely into the past and reverse the process of recession, re-
storing the material which has been denuded, the continuity of argument
will at length bring us to an epoch in which the cliffs which now face the
~ center of the San Rafael Swell came together, and the strata which those
cliffs now terminate stretched unbroken from west to east across the
‘whole width of the Plateau Province. Itis only a question of time and
continuity of the process. The geologist may, however, raise a very
pertinent inquiry. Admitting that the cliff-bound strata once reached
out in advance of their present limits, may they not have grown thinner
as they approached the center; may they not have attenuated .rapidly
so that their former thickness over the swell was but a small fraction of
the aggregate thickness disclosed in the present escarpments? May not
the higher beds have thinned out and disappeared entirely a few miles
from their present boundaries? In all other well-studied regions it is a
general and almost universal rule that the strata vary greatly in thick-
ness when traced from place to place, and attennate as they extend away
from their shore-lines. May they not have done so here?

Answering the questions directly, it may be said that the Peri.ian,
Trias, and Cretaceous certainly did not grow perceptibly thinner as they
approached the center of denudation. The Jurassic did thin out quite
notably from west to east, and it is possible that the Tertiary may have
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thinned a little; but this loss of thickness in the Jurassic and Tertiary
has been abundantly discounted in the estimate given of the mass of.
strata denuded. As regards the general rule that strata vary greatly -
in thickness, it may be stated that the Plateau country is a remarkable
exception to it. One of the most striking features in its stratigraphy is
the wonderful persistency with which its formations maintain their vol-
umes and lithological features over great areas. In this respect the
province has no parallel, not even in the calm and undisturbed terrains
of the Mississippi Valley. A

IFurther support of this conclusion may be found by reverting to the
section (Plate XI). On the eastern side of the swell the section shows
a great monoclinal flexure where the strata extending castward rapidly
bend downward and subsequently flex back to horizontality. Before this
flexure began to form, the Cretaceous strata had already been deposited.
Possibly, also, the Tertiary had been laid down, but of this we are not
as yet certain. But we know that it was formed after the Cretaceous
age, for the strata abundantly betray it. If we could bend back the

.strata now inclined upward in that flexure, we should have a wall about
8,000 feet high or more, looking down from the east upon the central
amphitheater, and in that wall would appear the broken edges of the
Permian and Mesozoic beds, though the upper part of the Cretaceous
and Tertiary would be wanting at the summit. Thus nearly four-fifths
of the denuded strata appear upon the eastern side of the swell, in very
close proximity to it, and the remainder make their appearance at vary-
ing distances beyond. There is no appreciable loss of volume in the
exposed beds of the monocline as compared with the corresponding beds
to the westward. -

But we may with advantage pursue the task of restoring the beds to
the position they held during the period of their deposition by straight-
ening out or bending back the strata in those parts where they have
been tilted and flexed since their accumulation, This is readily done
here. They were deposited originally in layers which were quite hori-
gontal, We know this by reasoning npon the following facts. I'rom
the summit of the Permian, and I think we may say quite confidently
from the summit of the Carboniferous upwards, the whole series was
deposited in very shallow waters. The evidence of this is overwhelm-
ing. We find proof that the surfaces of deposition thronghout Mesosoic
time oscillated repeatedly a little below and a little above sea-level.
The cross-bedded sandstones of the Trias and Junra, the sandy shales
wonderfully ripple-marked, the occurrence of bands containing the silie-
icified remains of forest trees, the occasional recarrcnce of contacts
showing ‘‘unconformity by erosion” without any unconformity of dip,*
the occurrence of brackish-water types of mollusea in the Jurassic, the

* There are throughout the serics numerous instances of beds Testin £ upon surfaces
slightly eroded and channeled by streams without any discrepancy of dip in the
apposed beds.
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lignites, fossil leaves, and carbonaceous shales of the whole Cretaceous
system, the brackish-water fossils of the lowest Tertiary, leave no doubt
as to the verity of the foregoing iuference. The final restoration, then,
of the strata to their original positions leaves them horizontal.*

1f we draw a section of the strata restored to horizontality, we shall
find that the strata now remaining require, in order to perfect their con-
tinuity, the restitution of large masses fully equal to those which we have
inferred to have been swept away by erosion. Any hesitation to do
this would leave us without resource. Any other hypothesis, so far as
I can conceive, would be not only without support in the facts pre-
sented, bnt in opposition to their entire tcnor and purport.

The geologist who is familiar through long field-study with the phys-
ical problems presented in the West would not need further argument
to become satisfied of the reality of the great erosion here inferred.
Perhaps he would consider that too much has been said in support of
it already; especially since the subject of this paper is not the San
Rafael but the Grand Cailion district. But I have devoted so much dis-
cussion to the San Rafael district because it is a type of a congeries of
districts which make up the Platean Province, and because it exemplifies
in the most intelligible, compact, and complete manner the broad facts
and laws which are to engage our attention hereafter. These facts and
laws apply to the Grand Cafion district; but to take the facts there
presented and arrange them in a clear view before the mind of one who
bas never visited that region, and make them definite and convincing,
would be extremely difficult without preparatory exercises on problems
similar in kind but simpler in form. For this reason I propose, before
leaving the San Rafael district, to bring out another category of facts
which it exemplifies. They involve a generalization very interesting in
itself, aud of the greatest utility in solving many problems presented in
all parts of the Platean country. This gencralization—or law in the
sense of an observed order of facts—may be called the Persistence of
Rivers.

The rivers of the Atlantic States, from the Hudson sonthward, cut
through the Appalachian ridges by narrow gorges, or gaps, which seem
to have been quarried out for the purpoes. Geology, however, does not

* It would be very instructive, if space permitted, to elaborate this discussion of the
original horizontality, and I am tempted to point out in the hastiest manner some
obvious consequences of the deduction. It appears that if this deduction be true
the deposits must have settled or snbsided as rapidly (in the long run) as they were
accnmulated. The surface of deposition appears pever to have varied mnch{rom sea-
fevel. But the total accumulation of Permian, Megozoic, and Tertiary beds was nearly
11,000 feet, and when the deposition ended (supposing that it ended in the Middle
Eocene, though I think it more probably continued here until the close of the Eocene)
the Permian must bave sunken more than two miles belaw sea-level. The gradual sub.
sidenco of large bodies of sediment as they accumnlate in strata is a fact now generally
recognized, and is of universal application. That it is caused by the gross weight of
the enormous masses of deposited material sinking into the yielding earth seems a
most natural explanation. ‘
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take account of ¢ purposes” or ¢design,” but seeks its explanations in
¢ natural” causes alone. It asks by what natural processes were those
gorges made?

The answer it finds is, that the rivers themselves scoured them out,
and that secular decay has widened them somewhat. A reader not
versed in gcology might be led to ask a further question. How can a

river attack a mountain wall, or even a gentle declivity, and quarry
~ though ‘it a pathway giving a continuous descent for the flow of its
waters? The reply is that no river ever does that. To nnderstand how
it all came about we must go back to the beginning. The rivers were
born with the country itself. The land emerged from the sea; and
- when it emerged the rains or melting snow sought whatever channels
were determined by the slight inequalities of the newly-risen surface
and flowed seawards. These lofty ridges, gashed with noble ravines,
had then no existence. The rivers are older than the mountains. As
time ran on the mountains grew upward, athwart the courses of the
streams. But a flowing river has a power to flght for and maintain its
right of way, which becomes apparent only when we have carefully
studied and analyzed it. This power is inherent in the descent of its
waters—isliteral water-power. The weaponsor tools are thesand, gravel,
and silt which the waters carry, and .which aet after the manner of a
sand-blast, except that in the sand-blast the grit is impelled by air or
steam, while in the river it is impelled by water. This power, inherent
in the fall, increases rapidly as the fall increases. When the declivity
is feeble the power to grind down the channel—to ¢‘corrade,” as Pow-
ell terms it—is correspondingly feeble, or even annihilated. When a
barrier like a ridge rises across the track of a stream the declivity is
increased at that point. Increased velocity and corrasive power is at
once developed in the stream, and it cuts dowu the barrier. Perhaps
a lake may be formed above the barrier, but its outlet will be eut down
and the'lake drained.

In a low country the slopes are, with rare exceptions, feeble, and this
corrasive power by which the stream maintains its locus is in snch coun-
tries correspondingly feeble. Here we may expect to find many cases
where streams have been deflected largely from their courses; but in a
high country the reverse is the case. In a region newly risen from the
waters the positions of the streams may be very inconstant; but as the
elevation increases they gradually fasten their grip upon the land and
hold it. ‘ .

It would be difficult to point out an instance where a great river has
ever existed under condifions more favorable to stability of position
than those of the Colorado and its tributaries. Since the epoch when
it began to flow it has been situated in a rising area. Its springs and
rills have been among high mountains, and its slope since the earliest
period of its history has always been great. The relations of its larger
tributaries have, in these respects, been the same; and indeed the river
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and its tributaries have been a system, and not a mere aggregate; for the
latter are dependent upon and responsive to the physical conditions of
the former. And now we come to the point. The Colorado and its tribu-
taries run to-day just where they ran after the region emerged from the
waters. Since that time mountains and plateaus bave risen across their
tracks, whose present summits mark less than half their total amounts
of uplift. The rivers have cleft them to their foundations.

The Green River, passing the Pacific Railway, enters the Uinta plat-
form by the Flaming Gorge, and after reaching the heart of the chain"
turns eastward parallel to its axis for 30 miles, and then southward,
cutting its way out by the splendid cafion of Lodore. Then following
the base of the range for a few miles a strange caprice seizes it. Not
satisfied with the terrible gash it has inflicted npon this noble chain, it
darts at it viciously once more, and entering it, cuts a horseshoe cafion
in its flank 2,700 feet deep, and emerges near the point of entrance;
thenceforward, through a tortuous course of 300 miles, it flows south-
ward through gently inclined terraces, which rise slowly as the river
descends. . Along this stretch it runs almost constantly against the
dip of the beds, cutting through one after another, beginning with the
Upper Eocene until its channel is sunk deep in the Carboniferous.
Further down, the Kaibab Plateau rose up to contest its passage, and a
chasm 5,000 to 6,000 feet deep is the result. It is needless to multiply
mstmces, the Whole province is a vast category of instances of river
channels catting through plateaus, mesas, and terraces where the
strata dip up stream. The courses of the calions are everywhere laid
independently of the topographical inequalities, whether these inequal-
ities be due to the broader features of land sculpture or to displacement
and 1_1neqml uplifting. - On the nofth and west side of the Colorado the
tributaries generally run courter to the structural slopes; on the east
and south sides, they ran more nearly with them.

It is clear then that the structural deformations of the surface, the
uplifts and downthrows had nothing to'do with determining the present
distribution of the platean drainage. The rivers are where they are, in
spite of them. As irregularities rose up; the streams turned neither to
the right nor to the left, but cut their way through in the same old
places. The process may be illustrated by a feeble analogy with the
saw-mill. The river is the saw and the rising strata are the timber which
is fed against it. The saw-log moves while the saw vibratesin its place.
The river holds its place as rigidly, and the rising strata are dissevered
by its ceaseless wear. What, then, did determine the situations of
the present drainage channels"l The answer is that they were deter-
mined by the configuration of the surface existing at, or very soon after,
the epoch of emergence. Then, surely, the water-courses ran in con-
formity with the surface of the uppermost (Tertiary) stratum. Soon.
afterwards that surface began to be deformed by unequal displace-
ment, but the rivers had fastened themselves to their places and have
ever since refused to be diverted.
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This theorem is of great utility in the study of the Plateau Province, for
it throws light upon many problems which would otherwise he obscure.
The course of a river is the index of the slope, and, to a greatv extent,
the configuration of the primitive unmodified surface of a tract. ‘It be-
trays the amount of tilting or flexing which the strata have undergone,
and also conveys information as to the amount of strata which have
been denuded. This information, however, isin many cases incomplete,
but when placed in relation with other facts it frequently becomes con-

clusive. The application of the theorem to the San Rafael district isa -

~ beautiful instance of its validity.

Across the San Rafael Swell extend two river cha-nnelsz one crossing
it near the northern and the other near the southern end. They head
in the High Plateans, and pass through the successive terraces in decp
cafions; then crossing the swell, enter the high cliffs on the eastern side
and flow on. The northern stream—the San Rafael River— ultimately
joins the Green River; the southern one—Curtis Creek—enters the Fré-
mont River, a tributary of the Colorado. A glance at the map and an
interpretation of the topography as expressed by the contonrs will
quickly show that these streams are quite independent of the existing
topography ard could not have had their sitnations determined by it.
' They must have been laid out upon some ancient surface differing

widely from the present. To find that surface is not difficult. It must
have had a continuous descent, thoungh doubtless of slight declivity,
from the western margin of the province to the line of the Green and
Colorado Rivers. We shall obtain precisely that surface configuration
by reducing or bending back the flexures, and depressing the tilted °
strata until the Cretaceous beds are everywhere horizontal, and then
filling up the gaps made in the continuity of the strata by erosion.
Thus we shall reach, by argument from the persistence of rivers, the
same conclusion which we reached by studying the effects of the reces.
sion of cliffs, and by the independent study of the displacements.

" The example of erosion thus given by the San Rafael Swell illustrates,
as a sharply defined type, the denudation of the Platean Province. The
thickness of the strata removed varies greatly in different portions. In
the High Plateaus it has amounted to only a few hundred feet. Inlarge
areas it amounts to two or three thousand feet and in others of consid-
erable extent it reaches more than 10,000 feet. Preliminary compari-
sons of known facts derived from nearly the entire extent of the sonthern
province lead to the conclusion that on the average 5,500 to 6,000 feet of
strata have been removed from its entire expansc. Our knowledge of
the geology of some portions of it is at present very imperfect. Still,
enough is known to justify us in believing that this summary estimate
will not be much affected by future investigation. :

We may for special pnrposes of convenience regard the province as

consisting of districts or spots of maximum erosion separated from each
other by high mesas or dividing platforms where erosion has been at its
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minimum. The San Rafael district may be regarded as one of these
areas of which the central part is an area of maximum erosion while its
peripheral parts are areas of minimum erosion. The Grand Cafion dis-
trict is another, and there are still others which we need not here specify.

Beforc concluding the introductory part of this paper it will be desir-
able to recite briefly the suceession of geological events which the study
of the region has.thus far brought to light, selecting only such as will
hereafter be of special utility.

Throughout the great Carboniferousage the entire area of the Plateau
Provinec was submerged beneath the ocean., Deposition of strata went
on continuously. The thickness of the strata accumulated in that age
appears to have varied greatly, and the deposits were laid down uncon-
formably over the surface of a country which had been ravaged by a
great.erosion. Such exposures of the Carboniferons as now exist, how-
ever, exhibit for the most part a remarkable evenness of stratification.
In the interior spaces of the province the beds are either horizontal, or
if disturbed, give full evidence that the disturbances took place long
after their deposition. The close of thisage evidently left a snbaqueous
surface, which was exceedingly flat, and, except aronnd the borders of
the province, quite free, so far as we now know, from any appreciable
inequalities. : '

The thickness of the Carboniferous system is from 4,500 to 5,000 feet
in the interior of the province, but aronnd its borders, and in the Uinta
Mountains, it is sometimes found in far greater volume. Its strata
consist of impure limestones, occasionally of enormous thickness in
the individual beds, and alternating with fine-grained homogeneous
sandstones. Extensive beds of gypsum also oceur.

After the Carboniferous came the Permian age, in which were laid
down from 800 to 1,500 feet of sandy shales. The stratification was won-
derfully even and everywhere horizontal. The¢ Permian beds are often
ripple-marked and betray many evidences that they accumulated in shal-
low waters. Among these evidences are the appearance at several hori-

-zons of indications that for a time the sea-bottom was laid bare by the

recession of the waters, or by the elevation of the platform itself; for
we may discern evidences of slight erosion at the contacts of the beds.
But the horizontality of the beds appears never to have been notably
disturbed. .

The same state of affairs continued through the Trias. There, too,
we find evidence of alternations of emergence and snbmergence in the
shape of slight unconformities by erosion, and in the oceurrence of ex-
tensive remains of silicified forests. The Triassic series is composed
almost wholly of sandstones, the only calcareous matter being thin seams

- of gypsum. The sandstone beds are very numerons and often shaly.
They are usually of no great thickness individually, but there is one
very notable member of which we shall see more when we come to view
the Vermilion Cliffs.
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Directly upon the Trias rests the Jurassic. A wonderful bed of sand-
stone 800 to 1,200 feet thick, and very white and sugary in color repre-
sents the prinecipal part of this series. It is a very notable formation
because of its remarkable homogeneity, the persistent way in which it
preserves its lithological characters through great distances, and the
.absence of divisional planes of stratification—the mass being solid from
top to bottom. But most striking of 2all is its wouderful cross-bedding,
far surpassing in beauty, extent, and systematic character, any similar
phenomenon elsewhere, with which I am acquainted. The summit of
the Jurassic suddenly changes to calcareous and sandy shales, abound-
ing in fossils. This series, as well as the Trias, appears to have been
laid down horizontally in shallow waters.

Next comes the Cretaceous system-—a mass of yellow sandstones with
clayey and marly shales, aggregating from 4,000 to 5,000 feet thick. In
this series we find an abundance of plant remains, many beds of good
coal, and much carbonaceous shale. The conditions during the Creta-
ceous appear to have been quite similar to those which prevailed in the
Appalachian region during the Carboniferous. Perhaps the conditions
which attended and rendered possible the accumulation of coal are not -
sufficiently well understood to enable us to say confidently just what
they were, but there scems to be a general agreement that they involved
a flat, low, moist country lying almost exactly at mean sea-level, and sub-
ject to alternate emergence and submergence. No other supposition
seems to meet the requirements of the case, or to be capable of explain-
ing how a mass of strata could be so accumulated, consisting of alter-
nations of thin seams of coal and carbonaceous shale wil;h layers of sand-
stone containing marine fossils.

We have now the following remarkable smte of aﬁ‘axrs From the
close of the Carboniferous to the closé of the Cretaceous there is strong
evidence that the surface of deposition was always very near to sea-
level, sometimes a few feet above it, but-for the most part a little below
it. And yet in the interval about 9,000 feet of strata accumulated with
remarkable uniformity over the entire province, and always in a hori-
zontal position. From this it necessarily follows that the mass of mate-
rial thus deposited sank or “subsided” at a rate which, in the long run,
was exactly or sensibly equal to the rate of deposition.

At the close of the Cretaceous we find evidence that the long calm
which had characterized the action of the physical processes was in-
vaded. Some extensive disturbanees took place, resulting. at some
places in the dislocation and flexing of the strata, and,the elevation of
some portions of the region to considerable altitudes. Erosion at once
attacked the uplifted portio:'s, and around the borders of the province
we find numerous localities, usually not very extensive, which were
greatly devastated. At some of these places the entire local Cretaceous
series was denuded, and even a portion of the Jurassic; and the Tertiary
is seen lyiug upon the Jurassic and across the beveled edges of the

ba A
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flexed Cretaccous strata. But even these localities were again sub-
merged, as the presence of the Tertiary fully attests. These disturbances
were not general—did not extend to the entire province, but appear to
have occurred around, or a little within, its marginal portions.

The last period of deposition was marked by the accumulation of the
Eocene beds, which form sueh a striking feature in the stratigraphy of
the peripheral parts of the Plateau country. Around the southern flanks
of the Uintas their aggregate thickness exceeds 5,000 feet, but sonth-
ward the npper members disappear, and 80 miles north of the Grand
Caiiou only about 1,000 to 1,200 feet, representing the lowest portion of
the series, make their appearance. It is highly probable that the middle
and upper portions of the Eocene were never deposited there. DBut the
lowest beds, most probably, once covered the entire province, while the
middle and late Eocenc were confined to its more northerly portions.
The lowest members were deposited in brackish water, as their fossils
amply attest; but in the snceeeding beds the fossil forms are entirely
those which live in fresh water. Irom that epoch to the present time
there has been no recurrence of marine conditions.

We now reach a turning point in the history of this region. That
long continuance of marine conditions lasting irom the beginning of
Carboniferous time to the close of the Cretaceous came gradually to au
end, The waters became brackish and then fresh. - During the preva-
lence of the marine condition it seems to be a necessary conclusion that
the waters which covered it had abundant access to the ocean. Whether
its waters were wide open to the ocean, like the Gulf of Mexico or Hud-
son’s Bay, or whether they formed & broad expanse, with a compar-
atively narrow outlet, like the Mediterranean, we do not know, and it
would be useless to conjecture at presect. At all events the communi-
cation was sufliciently free to maintain a degree of saltness suitable to
the existence of molluscan forms of the ordinary marine types. When
the waters became brackish, we infer that the straits became greatly
narrowed; when they became quite fresh, we infer that the access of the
occan to the area was wholly shut off, and that the water brought by
~therivers and rains merely outflowed, and the region became an inland
lake of vast proportions. For the deposition still went on, Through
Eocene time from 1,000 to 5,000 feet of lacustrine beds, containing an
abundance of fresh-water fossils, were deposited. Among them are also
found layers of coal and carbonaceous shales, and sandstones thickly
imprinted with the traces of arboreal vegetation.

But at length the deposition of lacustrine strata ceased ; not, however,
at one and the same time in all parts of the province. The evidence indi-
cates that in the southern and southwestern portions it stopped after
about one-fourth or one-third of the Eocene horizons had been laid down.
In the central portions it appears to have ceased after about one-half
to two-thirds of those horizons had been deposited. In the northern
portions, in the vicinity of the Uintas, the entire system of Eocene
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strata is found in immense volume. These facts lead us to infer that
the great Eocene lake, soon after its waters became quite fresh, begaii
to shrink its area, and that its bottom became through a slow pro-
gression dry land. The southern and southwestern portions were the
first to emerge ; then the middle portions; the lake gradually retracting
its boundary to the northward, until in the latter part of the Eocene it
occupied a. greatly diminished area in the vicinity of the San Rafaél
country and the southern base of the Uinta Mountains. At the close
of the Eocene this remnant of the lake also disappeared.

We now reach another turning point in the history of the region.
Hitherto and for an immense stretch -of geological time it had been an
area of deposition and of subsidence, It now became an area of eleva-
tion and denudation, and these processes have been in operation ever
since. In the periods of deposition and subsidence, from the Carbo-
niferous to the -Eocene, both inclusive, the thickness of the strata accu-
mulated varied from 14,000 to 20,000 feet, and the subsidence of the base
of the Carboniferous was of nearly equal extent. In the periods of ele-
vation and denudation these vast masses of strata rose bodily up again;
the amount of elevation varying according to locality from 6,000 to 18,000
feet. The havoc wrought by erosion has been, as already shown, stu-
pendous; the thickness of strata removed exceeding 10,000 feet in
some considerable areas, and averaging probably 5,500 to 6,000 feet over
the entire province. ‘

The points which it is desirable to notice in this chapter concerning
the progress of the Tertiary and Quaternary erosion of the province,
are few and of the broadest nature. In truth it is necessary to speak
very guardedly. Tor while the most general features of the work have
left well-marked traces which can he interpreted, yet when we comé to
details the vast erosion has swept away so mnch of its mass that a large
portion of the evidence of the details has vanished with the rocks. There
is reason to believe that the greater part:of the denudation was accom-
plished in Miocene time. This was a period of slow but continnous up-
lifting, reaching a great amountin the aggregate, and it was most proo-
ably also a period of rapid erosion. The uplifting, however, was un-
equal in the differeut parts of the province. The comparatively even
floor of the old lake was deformed by broad swells and plateauns rising
above the surrounding country. As we shall sce hereafter, the action
of the denuding agents is much more vigorous and*efficient upon the
higher than upon the lower parts of a region; and consequently these
up-swellings at once became the objects of special attention from the de-
stroying forces and were wasted more rapidly than the lower regions
around them. Here were formed ceunters or short limited axes, from
which erosion proceeded radially outwards, and the strata rising gently
towards them from all directions were beveled off. Thus were formed
those areas of maximum erosion, already spoken of, and of which the
-San Rafael Swell is the most perfect and simplest type. ‘
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We have also reason to believe that the climate of the Miocene was
moist and subtropical, conditions favorable under the circumstances to
a rapid rate of erosion. We do not indeed find the proof of this in the
province itself, for it contains no Miocene strata or fossils; but in sur-
rounding regions the strata and fossils of that age are found in abun-
dance, and they clearly indicate that the climate had that character; and
it would be quite untenable to suppose that so limited a tract as the Pla-
teau Province was an anomaly in respect to the climate of the broader
regions of which it is a part, unless special reasons for it could be ad-
daced. I know of no such special reasons. But near the close of the
Miocene, or not long thereafter, the climate of almost the entire West
underwent a change, becoming arid, as it is at present. In this change
the Plateau country no doubt shared. The more important results of
the Pliocene and Quaternary erosion, however, will be among the prin-
cipal themes of the following chapters.



CHAPTER II.

GEOGRAPHY OF THE GRAND CANON DISTRICT.

The Grand Cation Disfrict—the region drairing into the Grand and
Marble Canions—is the westeinmost division of the Plateau Province.
Nearly four-fiftths of its area are sitnated in Northern Arizona. The
remaioing fifth is situated in Southern Utah. Let us turn our attention
for a moment to the portion situated in Utah. It consists of a series of
terraces quitc similar to those which we have already seen descending
from the summit of the Wasatch Plateau to the San Rafael Swell like a
colossal stairway. At the top of the stairs are the broad and lofty plat-
forms of the High Plateaus of Utah; at the bottom is the inner expanse
of the Grand Cailon District. The summits of the High Plateaus are
beds of Lower Eocene age. Descending southward we cross, step by
step, the terminal edges of the entire Mesozoic system and the Permian,
and when we reach the inner floor of the Grand Cafion District we find
that it consists of the summit beds of the Carbouniferous series patched
here and there with fading remnants of the Permian.

Far beyond the remotest limits of vision stretches the great expanse
of Upper Carboniferous beds, flecked with Permian outliers, and rising
or falling to form the broader inequahties of level in the surface of the
region. The terraces of Southern Utah are the border land between the
High Plateaus on the north and the Carhoniferous platform of the Grand
Cafion on the south, and may be regarded as the appanage of either
district. Their nature and meaning may become clearer by glancing a
moment at the District of the High Plateaus.

Let us conceive a right-angled triangle iu which the acutest angle 1s
regarded as the apex and the shortest side as the base. Place the apex
about 25 miles east of Mount Nebo, the great mountain which marks
the southern end of the trne Wasatch Range; place theright angle 170
or 180 miles dne south of the apex, and the other acute angle about 100
to 110 miles dne west of the right angle. This figure would include
pretty nearly all of the summit areas of the High Plateaus. Consider
now the fiorth-and-sonth side reaching from the apex to the right angle.
It runs along the ctest lines and terraces which look down eastwardly
upon the San Rafael district and upon other enormously eroded districts
further sonth. The base reaching westward from the right angle tothe
other acute angle runs amoug the terraces which descend from the
southern termini of the High Plateaus to the Grand Cafion District.
The hypothenuse looks northwestward over a portion of the Basin Pro-

vince, The High Plateaus themselves are large remnants of Mesozoic
69
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and Tertiary strata which have been spared in the enormous denudation
which has eaten out the heart of the Platean Province. Their preserva-
tion has been largely due to extensive outpours of lavas, which have
overspread most of their snmmits, and the energy of the eroding agencies
has there spent itself upon the more obdurate materials of volcanie
origin.

Starting from the right angle and reaching out south-southeast is
a rather lofty mass, named the Kaiparowits Plateau. It reaches to
the Colorado River, where it is cleft asunder by the mighty gorge of the
Glen Cafion, but resumes its course on the other side, extending into
Arizona, where it spreads ont. It is composed of Cretaceons strata. Its
western flank forms a part of the eastern boundary of the Grand Cafion,
or more restrictedly of the Marble Cafion, district. Here again is the
same old arrangement—terraces with their marginal cliffs rising from
the Carboniferous platform step by step to the Middle Cretaceous—the
cliffs all looking westward over the great region from which the former
extensions of the strata they terminate have been swept away.
'~ Thus we may note that the northern and eastern boundaries of the
Grand Cafion District are cliff-bound terraces. Crossing the district
either longitndinally from north to south, or transversely from east to
west, we find as we approach the southern or western border that the
Carboniferous platform ascénds very gradually. There are broad and
feebly marked (sometimnes well marked) undulations, or ups and downs;
but, on the whole, the country gains in altitude as we approach its
western and souithern limits. At last it terminates in a giant wall
plunging down thousands of feet to the platform of a country qnite sim-
ilar to that of the Great Basin of Nevada. Those who have traveled on
the Central Pacific Raillway will recall the features of that very desolate
region which lies between Great Salt Lake and the Sierra Nevada; and
all those featurcs are repeated and their desolation intensified in the
dreadful region which lies west and south of the Grand Cafion District.

The district may be conveniently divided into parts. The northern-
most portion is the area comprising the sonthern terraces of the High
Plateaus. A description of these sufficient for preliminary purposes has
already been given. At the foot of these ter:aces stretches away to the
southward the great Carboniferous platform of the heart of the district.
That portion of the platform which lies north of the Colorado River may
be subdivided into five distinct plateaus. Naming them in regular
order from west to east, they are: 1, the Sheavwits; 2, the Uinkaret; 3,
the Kanab; 4, the Kaibab; 5, the Paria. These five plateaus are sepa-
rated from each other by nataral boundaries, which are for the most
part quite distinct. These boundaries are great faults or dislocations of
the main platform, which have produced cliffs by hoisting the platform
on one side of the fault line or dropping it on the other.. To show how
these dislocations have affected the topography, the reader is referred
to the east and west section delineated in the accompanying dia-
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gram. (PL XIIL) Immediately southof the Paria Plateaun extends the
Marble Cafion, with a sonthwestward course. Directly across the re-
maining four plateaus winds the Grand Caifion of the Colorado. Sonth
of the river is a vast expanse of nearly flat surface, but little diversified,
called the Colorado Plateau. Upou its southern borders rise abraptly
a group of great volcaunic piles called the San Francisco Mountains, the
largest or dominant cone being of an impressive order of magnitude.
There are still other portions beyond, but the entire region south of the
Colorado has been reconnoitered rather than surveyed; and thongh we
have a general knowledge of pretty nearly the whole of it, our knowl-
edge of details is not as yet precise.

The entire expanse of the Grand Cafion platform within the terraces
copsists of a flat surface, interrupted at wide intervals by cliffs or sharp
flexures produced by the great displacements which traverse the land in
a prevailing north to south direction.* On the whole, it is a smooth
country in comparison with the other districts of the Platean Province.
It is not dissected or honcycombed by the ramifications of mnumerable
side gorges, as is the case with most of the other districts, for the Grand
Cafion has on the north side only one lateral or tributary calion of any
considerable length, and this tributary has but few branches. In trath,
one of its remarkable features is the pancity of lateral chasms. The
southern side is not more diversified than the northern, and [ think we
may say that it is somewhat less so. Between the great cliffs of dis-
placetment and between the foot of the terraces and the brink of, the
chasm the country is not more uneven than the Great Plains of Western
Nebraska and Kansas, and not much more so than Indiana and Illinois.
But the traveler is seldom ont of sight of the palisades reared at the
fault-lines, or of the gigantic and gorgeonsly colored walls which bound
the terraces of the High Plateaus.

The Grand Cabon will be described at some length in subsequent
chapters. Here will be noted only those more general features which
may be made to appear on the map. It crosses transversely the four
western plateaus of the district, while the Marble Cailon traverses the
castern or fitth plateau. The two cafions are only nominally separated,
for there is no gap between them. The Marble Canon begins at the
base of the eastern terraces. The Colorado River, after traversing the
central mesas of the Plateau counitry in a series of profound chasms, at
length emerges fromn the Echo Cliffs of Triassic and Permian age. Here
for an instant the river is in comparatively open country. But within
a mile or two it begins to sink another chasm in the Carboniferous
rocks, and in the course of 65 miles the depth steadily increases until
it becomes about 3,500 to 4,000 feet. This is the Marble Cafion. It is

* It will be noted here that cliffs may be produced (1) by faults lifting the country
on one side of the fault-line or depressing it on the other; (2) by the denndation of
the strata in front of the ¢liff. The formerare called Cliffs of Displacement ; the Jutter,
Cliffs of Lrosion.
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a gorge of very simple form, and its width is about twice as great as its.
depth. Its course is at first southwest, but graduvally deflects to the
southward. Its lower end is arbitrarily fixed at the junction of the
Little Colorado or quoradd Chiquito, a stream coming in from the
southeast and entering by a lateral chasm as deep as the main gorge
itself. Below this junction the river turns westward, the walls grow
rapidly higher, the great chasm widens out to six or eight times its
width in the Marble Cafion, and the valley of the river is filled with
buttes as large as mountains and wonderfully sculptured. Here the
river enters the Kaibab, and its walls soon attain the altitude of about
6,000 feet. After a tortuous course of sixty miles in a prevailing north-
west direction the river passes out of the Kaibab and at once changes
its trend to west southwest. It passes without a break from the Kai-
bab to the Kanab Plateau. Here its depth diminishes to about 5,000
feet and its topography changes in character, becoming more simple.
Preserving its new features and the direction of its course throughout
the Kanab and Uinkaret plateaus, it at length crosses the Hurricane
fault where the whole platform of the country suddenly drops more than
a thousand feet, correspondingly diminishing the height of the walls.
But the lost altitude is steadily and rather rapidly regained as the river
enters the Sheavwits Plateau. Soon after crossing the fault the river
turns abruptly to the south, and after deseribing a great curve in the .
heart of the Sheavwits platform it turns northwestward again. The
great chasm suddenly terminates in the face of the giant wall which
forms the western boundary of the Sheavwits Plateau. Here the river
emerges through a mighty gateway a mile in depth, and is almost in
open country, its banks dropping at once to altitudes of only a few huan-
dred feet. Thisis the western bound, not only of the Grand Caiion Dis-
triet, but of the Plateau Provinee itself. Thenceforth the course of the
Colorado to the ocean is through and across that dismal, torrid sierra
region, which is the southward extension of the features of the Great
Basin. -

‘For conveuience of discussion the Grand Cafion is divided into four
divisions, (1) the Kaibab, (2) the Kanab, (3) the Uinkaret, (4) the Sheav-
wits, divisions. The last three are much alike in all their features and
dimensions. The Kaibab division is a little deeper, notably wider,
and very much grander and more diversified than the others. The to-
tal length of the Grand Cafion, as the river runs, is about 218 miles, and
its depth varies from 4,500 to 6,000 feet, averaging 5,000. Its width,
fromn crestline to crestline, varies from 43 to 12 miles—the widest por-
tions being always the grandest.

It is also necessary to advert to the tributaries of the Colorado lying
within the district. . Upon the northern side there is but one now enter-
ing the Grand Caiion; but there are on this side two others, one of which,
named the Paria, enters at the head of the Marble Cafion, and the other,
" the Virgen, which enters it about 40 miles west of the lower end of the
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Grand Cafion. Kanab Creek joins the Colorado on the north side in
the heart of the great chasm. These three streams, the Virgen on the
west, Kanab Creek in the middle, and the Paria on the east, all have
their sources in the terraces of the High Plateaus. They are very impor-
tant factors in the problem of reconstructing the history of the region.

On the south side of the river are (1) the Colorado Chiquito or Little
Colorado, entering at the foot of Marble Caiion, (2) Cataract Creck, en-
tering near the muddle of the Kanab division, (3) Diamond Creek, joiu-
g at the elbow of the great bend in the Sheavwits division. These,
too, have their bearing upon the general problem.



CHAPTER IIL
THE TERRACES.

In describing those subdivisions of the Grand Caiion district which
are of greatest moment to the present discussion, I shall bégin with the
terraces terminating the High Plateaus.

Before the observer who stands upon a southern salient of the Mar
kagunt Plateau is spread out a magnificent spectacle. The altitude is
nearly 11000 feet above the sea, and the radius of vision reaches to the
southward nearly a hundred miles. In theextreme distauceis the calm
of the desert platform, its surtface mottled with indistinct lights and
shades, too remote to disclose their meaning. Against the southeastern
horizon is projected .the pale-blue escarpment of the Kaibab, which
stretchcs away to the south until the curvature of the earth carries it
out of sight. - To the southward rise in merest outline, and devoid of
all visible details, the dark mass of Mount Trumbull and the¢ waving
cones of the Uinkaret. Between these and the Kaibab the limit of the
prospect is a horizontal line, like that which separates the sea from the
sky. To the southwestward are the Sierras of the Basin Province, and
quite near to us there rises a short but quite lofty range of veritable
mountains, contrasting powerfully with the flat crestlines and mesas
which lie to the south and east. It is the Pine Valley range, and
though its absolute altitude above the sea is smaller than many other
ranges of the West, yet since their bases are comparatively low (3,000
to 3,500 feet above the sea), the mountain masses themselves are very
high.

THE EOCENE.

The foreground of the picture is full of strength and animation. At
our feet is the brink of a precipice where the profiles descend 800 feet
upon rugged slopes which shelve away downwards and mingle with
the inequalities of a broad platform deeply indented with picturesque
valleys. The cliff on which we stand is of marvelous sculpture and color.
The rains have carved out of it rows of square obelisks and pilasters of
uniform pattern and dimensions, which decorate the front for many miles,
giving the effect of a giantic colonnade from which the entablature
has been removed or hasfallen in ruins. The Plateau Country abouuds
in these close resemblances of natural carving to human architecture,
and nowhere are these more conspicuous or more perfect than in the
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scarps which terminate the summits of the Markiagunt and Paunsagunt
Plateaus. Their color varies with the light and atmosphere. It isa
pale red under ordinary lights, but as the sun sinks towards the horizon
it deepens into a rich rose color, which is seen in no other rocks and is
beautiful beyond description. These cliffs are of lower Eocene age, con.
sisting of lake marls very uniformly bedded. At the base of this series
the beds are coarser, and contain well-marked, brackish-water fossils;
but as we ascend to the higher beds we find the great mass of the Eocene
to consist of fresh-water deposits.

These beds are identical in age with the lower divisions of the Eocene
which are seen in great volume both north and south of the Uinta
Mounutains, in the basins of the Green River, of Bitter Creek, and of the
White and Uinta Rivers. Their geological relations and associations, too,
are quite the same, for the same lake bottom received the deposits of the
southern Unta slopes and those of the Markidgunt. Those of the Green
River basin north of the Uintas appear to have accumulated in a sepa-
rate lake basin communicating with the one which submerged the south-
ern Platean province. The interval separating the Markigunt from
the Uinta region is 250 miles and more, but the lower Eocene is contin-
nons between them. It occupies a marginal belt sometimes narrow,
but more frequently wide, which was once thelocus of the northwestern
portion and shore line of the great lake. The summits of the High Ila-
teaus, wherever the volcanic masses are absent, disclose this formation,
and its presence is decisively inferred beneath the lavas and their débris.
A common bond between the two regions is also indicated by the
physical conditious attending the deposition of these strata. The lower
Eocenerests upon thennderlying formations, conformably in some places,
unconformably in others. Where conformity prevails, both the upper
and lower series were at the time of deposition sensibiy horzontal.
But in many places the Cretaceous, prior to the deposition of the Eocene,
was greatly disturbed and greatly eroded. And in general the base of
the Eocene marks an epoch 1n the geological history of the country, in
which an old order of events was closing and a new order was making
its advent. This revolution was the transition of the region from the
oceanic condition to thatof an estuary and lake, and subsequently to that
of dry land. The Lower Eoceue beds are brackish-water deposits in
the basal members, while higher up they become fresh water. The
basal members are coarse and even conglomeratic in their texture, while
the middle and higher ones are fine and marly. Thus is indicated the
complete severence of the lake from the access of oceanic waters. Both
in the Uinta district and throughont the High Plateaus these events
are recorded in the same order and their meaning is the same in both.

The beds now found in the southern extremities of the High Pla-
teaus represent less than half of the duration of Eocene time. No
middle and no upper Eocene strata are found there. But as we go
northward towards the Uintas we find later and later formations suc-
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cessively appearing until upon the flanks of the Uiutas we find the
whole Eocene series in enormous volume, exceeding perhaps 5,000 feet.
Conld these middle and Upper Eocene masses once have existed upon
the southern portion of the High Plateaus and been swept away by
erosion? There is strong evidence to the contrary.* The facts, then,
mdicate that when the desiccation of thelake took place, the portion which
first emerged was the southern and southwestern—or the Grand Cafion
district; that its shore line gradually receded northward during middle
and upper Eocene time, leaving dry land behind it ; and the last remnant
of the lake disappeared near the base of the Uintas. Wherever the physi-
cal geology and evolution of the Grand Cafion district touches the ques-
tion of time, the earlier date of its emergence than that of other portions
of the Platean Province appears—sometimes dimly, sometimes forcibly.

The principal mass of the Eocene terminates at the ¢ Pink Cliffs,” as
they are called, in the southern margins of the Markigunt and Pauns4-
gunt Plateaus. There are a few outliers beyond. Around the base of
the Pine Valley Mountains to the southwest, and beyond them in the
same direction, some remnants have escaped destruction. But this part
of the country has not been sufficiently explored to indicate more than
the bare fact of their existence. Iar to the eastward a single outlier
stands upon the summit of the great Kaiparowits Plateau, forming the
apex of Kaiparowits Peak. DBut generally speaking, the Eocene is
wholly absent, so far as known, from the country south of the terraces.

THE CRETACEOQOUS.

The platform immediately below the Pink Cliffs is picturesqne rather
than grand. Rongh rolthng ridges of yellow sandstone, long sloping
hillsides, and rocky promontories clad with large pines and spruces, sur-
round the valleys. Theserocks are of Cretaceonsage. Upon the south-
ward slopes of the Paunsigunt and Markigunt Plateaus, they nowhere
present the serried fronts of cliffs, but break down into long irregular
slopes much hike those of common hill countries. In those superficial
and merely scenic aspects which make the terraces so impressive, the
Cretaceous is for the most part notably deficient; but in those deeper
studies, which are of most significance to the geologist, it holds an 1mn-
portance not inferior to that of any other formation. It is never wanting
at its proper place in the terraces, but always displays a vast series of
sandstones and clay-shales, varying from 4,000 to 5,000 feet in thickness.
Around the western and southern flanks of the Markdgunt, and just
beneath the summit platform, they occupy a belt varying m width from
4 to 10 miles. Around the Paunsigunt their relative positions and re-

*This evidence will be fully discussed in my monograph on the Geology of the Grand
Cafion dustrict.—C. E. D. ’
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lations are quite the same. But as we pass eastward into the great
amphitheater of the Paria Valley they at length take the form of cliffs
of very striking aspect. The numerous ledges rise in quick succession,
step by step from the valley bottom to the base of the Eocene mass of
Table Chff, which stands as a glorious Parthenon upon the summit of a
vast Acropolis. The many superposed cliffs which constitute this stair-
way are severally of moderate dimensions, but their cumulative altitude
is more than 4,000 feet, tier above tier, and their composite or multiple
effect, intensified by the exceeding sharpness of the infinite details of
repetitive sculpture, places it among the grander spectacles of the
Platean country. Intheir coloring, these cliffs are quite pecuhar. There
are nored, purple, orange, and ¢hocolate hues, such as prevail in other
formations, but pale yellow and light brown in the sandstones and blue-
gray to dark iron-gray in the heavy belts of shale. The tones are very
light and brilhant on the whole, the darker belts playing the part of a
foill which augments rather than diminishes their luminosity.

THE JURASSIC.

Beyond the Cretaceous, as we descend the stairway of terraces, the
Jnrassic comes to daylight. It forms a belt encircling the Cretaceous
and outside of the latter. It is composed of two groups of strata; the
upper consisting of red sandy shales with belts of impure Iimestone;
the lower a great mass of white sandstone, nearly a thousand feet thick.
The red shales contain abundant fossils, strongly characteristic of their
Jurassic age, while the sandstone below is wholly barren of organic re-
mains. The sandstone, however, 13 full of interest on account of its
remarkable lithological characters. From summit to base, it is appa-
rently one indivisible stratuni. Here and there signs of a division are
suspected, but closer scrutiny shows that they are produced by the con-
tact of one plexus of cross-bedding with another, or by some other cause
not affecting the dominant fact. Itisremarkably homogeneous through-
ouf its whole mass. On a near view of the rock faces they are seen to
be covered with a wonderful filagree of cross-bedding. Ou every chff
and headland, on every butte or rocky knoll where this huge stratnm is
exposed, the rock faces are etched with an arabesque as beautiful as
frostwork. Along hundreds of miles of Linear extent, and over thou-
sands of square miles of surface of the country, this graceful waving of
myriads of curves is displayed. Cross-bedding is common enough in
other regions and other formations, but nowhere in the world, I fancy,
can such a profusion of it be seen.

The Jurassic sandstone is also conspicuous for its cliffs. Here every
formation has its own style of architecture and sculpture, which are as
distinctive as the lithological constitution, for upon that constitution
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the style depends. The Jurassic forms are characterized by. a peculiar
massiveness and boldness and by an extreme simplicity which is even
severe. Its walls are quite plain, without horizontal or vertical mould-
ings, and the only decoration is the cross-bedding which becomes invis-
ible at distances sufficient to render a general view of the fronts eflect-
ive. A notable feature also is the absence of talus—or, if it be present,
its small proportions. This simplicitly usually gives a dull slumberous
aspect to the escarpments, snggesting on a vast scale the structures of
the Pernvian Incas. But it is not alwaysso. Occasionally the auster:
ity of these [orms is relaxed or replaced by a strange kind of animation
which sometimes becomes amusing. Looking southward from the brink
of the Markigunt the eye is attracted to the features of a broad middle
terrace upon its southwestern flank, named The Colob. Tt is a veritable
wonderland. It lies beyond the Cretaceous belt and is far enough'away
to be obscure in its details, yet exciting curiosity. - If we descend to it
we shall perceive numberless rock-forms of nameless shapes, but often
grotesque and ludicrous, starting up from the earth asisolated freaks of
carving or standing in clusters and rows along the white walls of sand-
stone. They bear little likeness to anything we can think of, and yet
they tease the imagination to find something whereunto they may be
likened. Yet the forms are in a certain sense very definite, and many of
them look merry and farcical, The land here is full of comedy. Itisa
singular display of Nature’s art mingled with nonsense. It is well
named the Golob, for the word has no ascertainable meaning and yet
sounds as if it ought to have one. .

- Nor are these the only forms which the Jurassic diseloses. Here and
there blank faces of the'white wall are brought into view as the sinuous
line of its front advances and recedes. Isolated masses cut off from the
main formation, and often at considerable distances from it, lie with a
majestic repose upon the broad expanse of the terrace. These some-
times become very striking in their forms. They remind us of great
forts with bastions and scarps nearly a thousand feet high, The smaller
masses become regular truncated cones with bare slopes. Some of them
take the form of great domes where the eagles may build their nests in
perfect safety. But noblest of all are the white summits of the great
temples of the Virgen gleaming through the haze. Here Nature Las
changed her mood from levity to religious solemnity, and revealed her
fervor in forms and structures more beautiful than anything in human
art. But we shall see more of this hereafter and from much more advan-
tageous stand-points than the summit of the Markigunt. There only
faint suggestions of the reality are given. We only perceive in imper- -
fect detail some throngs of towers, snow-white above and red below, the
bristling spires of ornate buttes, or a portion of the grand sweep of a
wing-wall thrust out from some unseen facade. None of them appeur
in their full relations to the whole, and all of them are weakened, faded,
and flattened by the distance.
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- At the border of the Jurassic the profile drops upon the summit of the
Trias, but from the summit of the Markidgunt nothing is visible in detail
of that formation. The faces of the escarpments are turned away from
us and only the crestlines are visible. The view from the Mark4gunt,
however, is memorable because it is characteristic. To study the Trias
we must leave the verge of that Platean and descend the terraces to the
southward.

On our way we may note several things of some importance. We
may observe, first, thatthe strata all have a very slight dip to the north.
This dip on the average is less than two degrees, but here and there
inclinations as great as four or five degrees may be seen. This dip is
-very general throughout the terraces. Its effectistomake the altitudes
of the higher or more northerly platforms less—or, conversely, to make
thealtitudes of the lower and more southerly terraces greater—than they
would beif the entire series were horizontal. Inthe entire series of beds
whicli are exposed, the aggregate thickness from the top of the Carbon-
iferous to the summit of the local Eocenc is not far from 10,000 feet, bnt
the summit of the Eocene at present lies only about 5,000 to 6,000 feet
above the Carboniferous platform of the Grand Calion District. Thus, if
the strata were horizontal, we should in ascending the terraces go up
10,000 feet, but the dip to the northward gradually carries down the
horizons so that in crossing the edges of 10,000 feet of strata we only
gain 5,000 to 6,000 feet in altitude. We find this same northward dip-
prevailing in the Carboniferous to the southward, and it is a feature of
great moment in the studies which are to follow.

Another point to benoted is that the strata slowly diminish in thick-
ness from west to east. The attenuation, however, is ordinarily very
slow and gradual, and the observer would have to travel many miles
along the escarpments exposing the edges of ‘the strata before he be-
came aware of it. It is most noticeable in the Trias, and in the sequel
this will be more fully discussed. The meaning of this attenuation ot
the strata towards the east is as follows. "

It is a common fact that the greatest thickness of a group of strata
is usually found near the shorelines of the mainlands from which their
materials came. As we recede from these ancient shorelines we gen-
erally find that the strata diminish in thickness, at first quite rapidly,
but afterwards more slowly. The materials deposited near the shores
are, in many cases, of coarser texture than those deposited at a distance
from them. This is not always true of every distinet bed, but if we con-
sider any group of strata with many members we shall usually find it
true of the group as a whole. In the case of the Mesozoic strata of the
terraces, they are remnants of beds deposited in a sea or bay, the shore-
line of which lay to the westward and northwestward. The position of
this shoreline, no doubt, varied during the Mesozoic periods, now ad-
vaneing and now receding ; but in general terms its mean position ap-
pears to have been nearly along what is now the boundary of the Basin
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Province. The Great Basin was then dry land, undergoing denndation,
and its detritus was washed down on this side into the sea, where the
Mesozoic strata of the Platean Province accumnlated. The position of
this ancient shoreline in the Sierra country south of the Great Basin
and west of the Grand Cafion district we do not as yet know; the pre-
sumed location not being explored as yet. This attenuation of the
strata and their relation to the shoreline of the mainland, from which
they were in great part at least derived, is another important factor
which must be kept in mind in the course of the discussion.

It will be well to bestow alse a glance at the distribution of the more
important drainage channels. The western portion of the terraces is

Fi16. 5.—Entrance to the Parf-nu-weap.

L
drained by the branches of the Virgen River. Upon the Colob heads
the northern fork of the Virgen, sometimes called the Mu-kiin-tu-weap,
sometimes Little Zion River. It flows due south. East of this is the
castern fork, called the Pa-rG-nu-weap. Both branches have their sources
at the base of the Pink Cliffs (Focene), and at length unite to form the
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From Powell’s Exploration of the Colorade River.






DUTTON | BASIN OF THE VIRGEN. 8]

Virgen. Their channels are surely very wonderful freaks of nature. The
Partnuweap, after collecting its several filaments on the slopes of the
Cretaceous terrace, at length begins to burrow into the Jurassie, entting
a very deep and remarkably narrow gap in the white sandstone, and
then into and through the Trias. For many miles it lows in a mere
cleft barely fifty feet wide at the bottom and sometimes narrower, and
attaining a dcpth of more than 2,500 feet. Inscouring down its echannel
into the sandstones the stream did not cut always vertically, but swayed
from side to side, so that now great bulges of the wall overhang the bot-
tom of the abyss, and in some places shut out the sky overhead. The
Mukdntuweap, or Lattle Zion fork, is even more remarkable. For acon-
riderable distance this stream also runs in a profound and exceptionally
narrow chasm, but it at length widens out, and just where it joins the
Partnuweap 1s a scene which must ultimately become, when the knowl-
edge of it 1s spread, one of the most admired in the world. Of this
hereafier. Below the junetion of the forks the Virgen flows westward,
and passes out of the terraces and out of the Platean Provinee. At
length it joins the Colorado.

East of the drainage area of the Virgen 1s that of Kanab Creek.
It heads in the broad valley of Upper Kanab, which occupies an 1n-
dentation of the southern margin ot the High Plateaus between the
Markagunt and Paunsagunt. The bulk of the drainage passes through
the upper calion of Kanab Creek, and at length emerges upon the
desert to the southward. Iurther on it sinks another chasm 1 the Car-
boniferous, which becomes a mighty side gorge of the Colorado, and
unites with the Grand Cafion in the middle of the Kanab division.

Still eastwardis the great amphitheater which givesrise to the branches
of the Paria. This stream flows southeastward and ultimately enters
the Colorado at the head of the Marble Cafion.

In these three subordinate drainage basins of the terraces it is well to
notice some features of importance, common more or less to all, but
most distinetly seen in Kanab Creek. They all run contrary to the dip
of the strata. The summits of the terraces dip to the northward, while
the streams run southward. They thus form each a chain of cafions.
Thus, Kanab Creek with its upper tributaries flowing in open valleys
soon begins to cut into the Jurassic, and its gorge, ever deepening, at
length becomes nearly a thousand feet in depth. Suddenly the cafion
walls swing to right and left to form the mural front which terminates
the Jurassic terrace, and the river, now at the summt of the Trias, 15
once more in open country; but only for a short distance, for it soon be-
gins to cut into the Trias, forming a great calion as before. The same
process is repeated and the river flows out of its Triassie chasm into the
open agan, while its walls swing in either direetion to form the terminal
escarpment of the Triassic terrace.

The three streams just mentioned are not the only drainage channels
in the terraces, though they are the principal ones, and sooner or later

6 G A
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gather the greater part of the drainage. There are many cafions in the
terraces, and they all have the same relation to the cliffs and to the dips
of the strata. They cut into the terraces and emerge from them at the
bases of their several cliffs. All except the three first mentioned are
dry, carrying no streams except spasmodic floods during heavy rains and
the melting of the snows. Many of them are actually filling up, the
floods being unable to carry away all the sand and clay which the in-
frequent rains wash into them.

It is through the dry and partially refilled chasms that we may easily
descend from the High Plateaus to the Carboniferous platform of the
Grand Cafion distriet. To study the Trias, we may best go to thelittle
village of Kanab and prepare for a journey along the base of the Ver-
milion Cliffs. '

THE TRIAS.

Kanab village is situated under the eaves of the Vermilion Cliffs,
in the jaws of the canhon of Kanab Creek. It has for several years been
the base of operations of the surveying parties working in the Graud
Callon district, and is well located for the purpose. After due prepara-
tion, we may leave the village, proceeding about twenty miles south-
westward to the southernmost promontory of the Triassiec oscarpment.
- Here 1s Pipe Spring, famous in this far-off region as a watering place.
The reader would do well to find the locality on the map, for it is a nota-
ble point. The Vermilion Cliffs here change their trend to the north-
westward, and we shall presently follow them to admire their beauty
and magnitude; but before doing so it is well to take a brief view of
their geological relations. :

The Trias is in most places separated from the Jura by a purely pro-
visional horizon which marks a change in the lithological aspect of the
strata, and in the grouping and habit of the series. Sometimes the pas-
sage from one to the other is obscured, but more frequently it is abrupt.
The Jurassic sandstone is without a likeness in any other formation,
and the sandstones of the Trias can ordinarily be distinguished from it
miles away. One of the most conspicuous distinetions is the color, and
it is a never-failing distinction. The Jurassicis white; the Trias 1s flam-
ing red. Equally conspicuous is the difference in bedding and in the
architecture. The Jura is a solid indivisible mass of 800 to 1,000 feet
in thickness; the Trias is composed of a very great number of beds,
most of which are only a few feet in thickness. One bed, however,
attains vast proportions. The majority of the layers are common sand-
stones, and they predominate most in the upper portion of the series.
In the middle part the sandstones still predominate but are individually
thinner, and are more often separated by shaly layers and by bands of
gypsum. In the lower portions, sandy and argillaceous shales of won-
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derful colors predominate. Lime is found in these rocks, and in notable
quantity, but it is almost always in the form of gypsum or selenite. No
fossils in these parts have yet been found which are of paleontological
value; but fish-scales, and fragments of bony scutes are sometimes ob-
tained, which are useless for the purposes of the geologist. In thelower
shales we find a great abundance of fossil trees completely silicified
and several bulky layers are composed very largely of their fragments.

The Trias makes its appearance upon the outermost western flank of
the Markagunt, a little north of the Mormon town Cedar, rising by a
fault out of the valley alluvinm. With a constantly expanding exposure, '
it extends southward along the west flank of the Markdgunt and along
the upthrow of the Hurricane fault, until the whole of its mass comes to
the surface; then broadening out into a wide terrace, it sweeps around
the southwestern limit of the Colob and over into the valley of the Vir-
gen, where it breaks into cliffs, temnples, towers, and buttes of iueffable
splendor and beauty. Thence, with 2 still wider terrace, bounded by a
giant wall, it stretches to the southeast as far as Pipe Spring. Here is
its southernmost promontory, from which its front trends away north-
east and east in proportions diminished somewhat, but still imposing,
as far as the Paria River. Thus far the distance is more than 120 miles,
in which the sinuosities of the front are not reckoned. Throughout this
entire sweep it presents to the southward a majestic wall richly sculp-
tured and blazing with gorgeous colors. The cliff line is very tortuous,
advancing in promontories, with intervening bays and broad cafion val-
leys setting far back into the terrace, and resembling a long stretch of
coast-line gashed with fiords. Perhaps also the contour of a maple-leaf
may be a suggestive analogy. The altitudes of the cliffs are greatest in
their western portions, for there we find greater thickness of strata. They
often exceed 2,000 feet, while in the portion extending from Pipe Spring
to the Paria the altitude ranges from 1,000 to 1,400 feet.

THE VERMILION CLIFFS.

To. this great wall, terminating the Triassic terrace and stretching -
from the Hurricane Ledge to the Paria, Powell has given the name of
The Verwilion Cliffs. Their great altitude, the remarkable length of
their line of fromtage, the persistence with which their proportions
are sustained throughout the entire interval, their ornate sculpture and
rich coloring, might justify very exalted language of description. But
to the southward, just where the desert surface dips downward beneath
the horizon, are those supreme walls of the Grand Cafion, which we must
hereafter behold and vainly strive to describe; and however worthy of
admiration the Vermilion Cliffs may be we must be frugal of adjectives,
lest in the chapters to be written we find their force and meaning ex-
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hausted. They will be weak and vapid enough at best. Yet there are
portions of the Vermilion Cliffs which in some respeets lay hold of the
sensibilities with a force not much less overwhelming than the majesty
of the Grand Caifion; not in the same way, not by virtue of the same
elements of power and impressiveness, but in a way of their own and by
attributes of their own. In mass and grandeur and in the extent of
the display there is no comparison; it would be like comparing a
private picture gallery containing a few priceless treasures with the
wealth of art in the Vatican or Louvre. All of the really superlative
portions of the Vermilion Cliffs could be comfortably displayed in any

.onte of half a dozen amphitheaters opening iuto the Kaibab division of

the Grand Cafion. These portions oceur in the beautiful valley of the
Virgen, and they, as well as the features which characterize the entire
front of the Vermilion Cliffs, merit some attempt at description.

Each of the greater sedimentary groups of the terraces from the
Eocene to the Permian inclusive, has its own style of sculpture and
architecture; and it is at first surprising and always pleasing to observe
how strongly the several styles contrast with each other. The elephan-
tine structures of the Nile, the Grecian temples, the pagodas of China,
the cathedrals of Western Europe, do not offer stronger contrasts than
those we sucecessively encounter as we descend the great stairway which
leads down from the High Plateaus. As we pass from one terrace to
another the scene is wholly changed; not only in the bolder and grander
masses which dominate the landscape, but in every detail and acces-
sory; in the tone of the color-masses, in the vegetation, and in the spirit
and subjective influences of the scenery. Of these many and strong
antitheses, there is none stronger than that between the repose of the
Jura and the animation of the Trias.

The profile of the Vermilion Cliffs is very complex, though conform-
ing to a definite type and made up of simple elements. Although it
varies much in different localities it never loses its typical character.
1t consists of a series of vertical ledges rising tier above tier, story
above story, with intervening slopes covered with talus through which
the beds projeet their fretted edges. The stratification is always re-
vealed with perfect distinctness and is even emphasized by the peculiar

- weathering. The beds are very numerous and mostly of small or mod-

erate thickness, and the partings of the sandstones include layers of
gypsum or gypsiferous sand and shale. The weathering attacks these
gypseous layers with great effect, dissolving them to a considerable
depth into the wall-face, producing a deeply engraved line between the
including sandstones. This line is always in deep shadow and throws
into strong relief the bright edges of the strata in the rock-face, sepa-
rating them from each other with uncommon distinctness. Where the
prefiles are thrown well into view the vertical liaes, which bound the
faces of the ledges, are quite perpendicular and straight, while the lines
of the intervening slopes are feebly concave, being, in fact, descending
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branches of hyperbolas. They are graceful in form and indeed genuine
lines of beauty. The angles where the straight and curved lines meet,
at the bases and summits of the ledges, are very keen and well cut.
The composite effect thus given by the multiple cliffs and sloping water-
tables rising story above story, by the acute definition of the profiles
and horizontal moldings, and by the refined though unobtrusive de-
tails, is highly architectural and ornate, and contrasts in the extreme
with the rough, craggy, beetling aspect of the cliffs of other regious.
This effect is much enhanced by the manner in which the wall ad-
vances in promontories or recedes in alcoves, and by the wings and
gables with sharp corners and Mansard roofs jutting out from every
lateral face where there is the least danger of blankness or monotony.
In many places cafions have cut the terrace platform deeply, and
open in magnificent gateways upon the broad desert plain in front. We
look into them from afar, wonderingly and questioningly, with a fancy
pleased to follow their windings until their sudden turns carry them
into distant, unseen depths.

Northwestward of the southernmost promontory at Pipe Spring, the
cliffs steadily increase in grandeur and animation, and also assume new
features. Near the summit of the series is a very heavy stratum of
sandstone, which is everywhere distinguishable from the others. This
member is seen at Kanab with a thickness of about 200 feet. It increases
westward, becoming 400 feet at Pipe Spring. Beyond that it still in-
creases, reaching a thickness of more than 1,200 feet in the valley of the
Virgen. It has many strong features, and yet they elude description.
One point, however, may be .seized upon, and that is, a series of joints
nearly vertical with which the mass is everywhere riven. The fissures
thus produced have been slowly enlarged by weathering, and down the
face of every escarpment run the dark shadows of these rifts. They
reach often from top to bottom of the mass and penetrate deeply its
recesses. Wherever this great member forms the entablature—and west
of Pipe Spring it usually does so—its crest is uneven and presents
towers and buttresses produced by the widening of these eracks. Near
~ Short Creek it breaks into lofty truncated towers of great beauty
and grandeur, with strongly emphasized vertical lines and decora-
tions, suggestive of cathedral architecture on_a colossal scale. Still
loftier and more ornate become the structures as we approach the
Virgen. At length they reach the sublime. The altitudes increase
until they approach 2,000 feet above the plain. The wall is recessed
with large amphitheaters, buttressed with huge spurs and decorated
with towers and pinnacles. Here, too, for the first time, along their
westward trend, the Vermilion Cliffs send off buttes. And giant buttes
they verily are, rearing their unassailable summits into the domain of
the clouds, rich with the aspiring forms of Gothic type, and flinging
back in red and purple the intense sunlight poured over them. Could
~ the imagination blanch those eolors, it might compare them with vast
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icebergs, rent from the front of a glacier and floating majestically out
to sea; only here it is the parent mass that recedes, melting away
through the ages, while its off-spring stands still. Yet the analogy
. would be a feeble one, for the buttes are grander, more definite in
form, and many times loftier. But the climax of this scenery is stilt
beyond.

Late in the autumn of 1880 I rode along the base of the Vermilion
Cliffs, from Kanab to the Virgen, having the esteemed companionship of
Mr. Holmes. We had spent the summer and most of the autumn
among the cones of the Uinkaret, in the dreamy parks and forests of
the Kaibab, and in the solitudes of the intervening desert; and our sen-
sibilities had been somewhat overtasked by the scenery of the Grand
Cafion. It seemed to us that all grandeur and beauty thereafter beheld
must be mentally projected against the recollection of those scenes, and
be dwarfed into commonplace by the comparison; but as we moved
onward the walls increased in altitude, in animation, and in power. At
length the towers of Short Creek burst into view, and, beyond, the great
cliff in long perspective thrusting out into the desert plain its gables
and spurs. The day was a rare one for this region. The mild, sab-
tropical autumn was over, and just giving place to the first approaches
of winter. A sullen storm had been gathering from the southwest, and
the first rain for many months was falling, mingled with snow. Heavy
clouds rolled up against the battlements, spreading their fleeces over
turret and crest, and sending down curling flecks of white mist into the
nooks and recesses between towers and bnttresses. The next day was
rarer still, with sunshine and storm battling for the mastery. Rolling
masses of cumuli rose up into the blue to incomprehensible heights, their
flanks and summits gleaming with sunlight, their nether surfaces above
the desert as flat as a ceiling, and showing, not the dull neutral gray of
the east, but a rosy tinge caught from the reflected red of rocksand soil.
As they drifted rapidly against the great barrier, the currents from
below, flung upward to the sumimnits, rolled the vaporous masses into
vast whorls, wrapping them around the towers and crest-lines, and
scattering torn shreds of mist along the rock-faces. As the day wore
on the sunshine gained the advantage. From overhead the cloud-
masses stubbornly withdrew, leaving a few broken ranks to maintain a
feeble resistance. But far in the northwest, over the Colob, they rallied
their black forces for a more desperate struggle, and answered with
defiant flashes of lightning the incessant pour of sun-shafts.

Superlative clond effects, common enough in other countries, are
lamentably infrequent here; but, when they do come, their value is
beyond measure. During the long, hot summer days, when the sun is

-high, the phenomenal features of the scenery are robbed of most of their
grandeur, and cannot or do not wholly reveal to the observer the reali-
ties which render them so instructive and interesting. There are few
middle tones of light and shade. The effects of foreshortening are
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excessive, almost beyond belief, and produce the strangest deceptions.
Masses which are widely separated seem to be superposed or continuous.
Lines and surfaces, which extend towards us at an acute angle with the
radius of vision, are warped around until they seem to cross 1t at a nght
angle. Grand fronts, which onght to show depth and varying distance,
become flat and are troubled with false perspecfive. Proportions which
are full of grace and meaning are distorted and belied. During the mid-
day hours the cliffs seem to wilt and droop as if retracting their grandeur
to hide 1t from the merciless radiance of the sun whose very effulgence
flouts them. Kven the colors are rumned. The glaring face of the wall,
where the light falls full upon it, wears a scorched, overbaked, dis-
charged look; and where the dense black shadows are thrown—for there
are no middle shades—the magical haze of the desert shines forth with
a weird, metallic glow which has no color in it. But as the sun dechnes
there comes a revival. The half-tones at length appear, bringing ito
relief the component masses; the amphitheaters recede 1nto snggestive
distances; the salients silently advance towards us; the distorted hines
range themselves 1nto true perspective; the deformed curves come back
to their proper sweep; the angles grow clean and sharp; and the whole
chff arouses from lethargy and crects itself in grandeur and power,
as if conscious of 1ts own majesty. Back also come the colors, and as
the sun is about to sink they glow with an i1utense orange-vermilion
that seems to be an intrinsic luster emanating from the rocks themsel es.
But the great gala-days of the cliffs are those when sunshine and stormn
are waging an even battle; when the massive banks of clouds send their
white diffuse light 1nto the dark places and tone down the intense glare
of the direct rays; when they roll over the snmmits 1n stately procession,
wrapping them in vapor and revealing clond-girt masses here and there
through wide rifts. Then the truth appears and all deceptions are ex-
posed. Their real grandeur, their true forms, and a just sense of their
relations are at last fairly presented, so that the mind can grasp them.
And they are very grand—even sublime. There 18 no need, as we look
upon them, of fancy to heighten the picture, nor of metaphor to present
1t. The simple truth 1s quite enough. 1 never before had a reahzing
sense of a chiff 1,800 to 2,000 feet high. I think I have a definite and
abiding one at present.

As we moved northward from Short Creek, we had frequent oppor-
tunities to admire these cliffs and buttes, with the conviction that they
were revealed to us in their real magnitudes and in their true relations.
They awakened an enthusiasm more vivid than we had anticipated, and
one which the recollection of far grander scenes did not dispel. At
length the trail descended into a shallow basin where a low ledge of
sandstones, immediately upon the right, shut them out from view; but
as we mounted the opposite rim a new scene, grander and more beau
tiful than before, snddenly broke upon us. The cliff again appeared,
presenting the heavy sandstone member in a sheer wall nearly a thou-
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sand feet high, with a steep talus beneath it of eleven or twelve hundred
feet more. Wide alcoves receded far back into the mass, and in their
depths the clonds floated. Long, sharp spurs plunged swiftly down,
thrusting their monstrons buttresses into the plain below, and sending
up pinnacles and towers along the knife edges. DBut the controlling
object was a great butte which sprang into view immediately before us,
and which the salient of the wall had hitherto masked. Upon a ped-
estal two miles long -and a thousand feet high, richly decorated with
horizoutal moldings, rose four towers highly snggestive of cathedral
architecture. Their altitnde above the plain was estimated at about
1,800 feet. They were separated by vertical clefts niade by the enlarge-
ment of the joints, and many smaller clefts extending from the summits
to the pedestal carved the turrets into tapering buttresses, which gave
a graceful aspiring effect with a remarkable definiteness to the forms.
We named it Smithsonian Butte, and it was decided that a sketch .
should be made of it; but in a few moments the plan was abandoned or
forgotten. For over a notch or saddle formed by a low isthmus which
connected the butte with the principal mesa there sailed slowly and
majestically into view, as we rode along, a wonderful object. Deeply
moved, we paused a moment to contemplate it, and then abandoning the
trail we rode rapidly towards the notch, beyond which it soon sank ount
of sight. In an hour’s time we reached the crest of the isthmus, and in
an instant there flashed before nus a scene never to be forgotten. In
coming time it will, I believe, take rank with a very small number of
spectacles each of which will, in its own way, be regarded as the most
exquisite of its kind which the world discloses. The scene before us
was

THE TEMPLES AND TOWERS OF THE VIRGEN.

At our feet the surface drops down by cliff and talus 1,200 feet upon a
broad and rugged plain cut by narrow cafions. The slopes, the winding
ledges, the bosses of projecting rock, the naked, scanty soil, display colors
which are trulyamazing. Chocolate, maroon, purple, lavender, magenta,
with broad bands of toued white, are laid in horizontal belts, strongly
contrasting with each other, and the cver-varying slope of the surface
cuts across them capriciously, so that the sharply defined belts wind
about like the contours of a map. From right to left across the fur-
ther foreground of the picture stretehes the inner cafion of the Virgen,
about 700 feet in depth, and here of considerable width. Its bottom is ~
for the most part unseen, but in one place is disclosed by a turn in its
course, showing the vivid green of vegetation. Across the cafion, and
rather more than a mile aud a half beyond it, stands the central and com-
manding object of the picture, the western temple, rising 4,000 feet above
the river. Its glorious summit was the object we had seen an hour
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Fig. 6.—The Mu-kin-tu-weap.

the esplanade below. The curtain-wall is decorated with a lavish dis-
play of vertical moldings, and the ridges, eaves and mitered angles are
fretted with serrated cusps. This ornamentation is suggestive rather
than precise, but it is none the less effective. It is repetitive, not sym-
metrical. But though exact symmetry is wanting, natnre has here
brought home to us the truth that symmetry is only one of an infinite
range of devices by which beauty can be materialized.

And finer forms are in the quarry
Than ever Angelo evoked.

Reverting to the twin temple across Little Zion Valley, its upper mass
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18 a repetition of the one which crowns the western pile. It has the
same elliptical contour, and a similar red tablet above. In its effect
upon the imagination it is much thesame. Butfrom the point from which
we first viewed them—and it is by far the best one accessible—it was too
- distant to be seen to the fullest advantage, and the western temple by
its greater proximity overpowered its neighbor.

Nothing can exceed the wondrous heauty of Little Zion Valley which
separates the two temples and their respective groups of towers. Nor
are these the only sublime structures which look down iuto its depths,
for similar ones are seen on either hand along its receding vista until a
- turn in the course carries the valley ont of sight. Iu its proportions it
is about equal to Yo Semite, but in the nobility and beauty of the sculpt-
urcs there is no comparison. Itis Hyperion to a satyr. No wonderthe
fierce Mormon zealot, who named it, was reminded of the Great Zion,
on which his fervid thoughts were bent—¢“of_ houses not built with
hands, eternal in the heavens.”

From these highly wronght groups in the center of the picture theeye
escapes to the westward along a mass of cliffs aud buttes covered with
the same profuse decoration as the walls of the temples and of the Paru-
naweap. Their color is brilliant red. Much animation is imparted to this
part of the scene by the wandering courses of the mural fronts which
have little continuity and no definite trend. The Triassic terrace out of
which they have been carved is cut into by broad amphitheatres and
slashed in all directions by wide cafion valleys. The resulting escarp-
ments stretch their courses in every direction, here fronting towards us,
there averted ; now receding behind a nearer mass and again emerging
from an unseen alcove. TFartothe westward, twenty miles away, is seen
the last palisade lifting its imposing front behind a mass of towers and
- domes to.an altitude of probably near 3,000 feet and with a grandeur
which the distance cannot dispel. Beyond it the scenery changes almost
instantly, for it passes at once into the Great Basin, which, to this re-
gion, is as another world.

THE PERDMIAN.

The idea of a terrace is not so typically represented in the Permian as
it is in the superior formations. In many parts of the great stairway it
clearly forms the lowest step ; in others it forms one cliff with the Trias;
in still others it is beveled off and covered with allavium. On the whole
it is more frequeutly presented as a distinet terrace. There is another
qualification which requires some mention, because when we refer to the
geologlcal map to study the surface distribution of the strata, we should
find some anomalies unless the point referred to-were duly explamed

Wherever we encounter a cliff which discloses the upper Permian
beds we find at the summit of the escarpment a band of pale-brown
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sandstone of very coarse texture, often becoming a conglomerate. Itg
thickness is usunally from 40 to 75 feet. In a few places it is wanting
from its proper horizon, and in some others its thickness becomes more
than 100 feet. But on the whole it is a remarkably persistent bed, and
its persistence is all the more striking when we consider the coarseness
of its texture; for no beds are so variable as the coarse ones. This
member has been named by Powell the Shin-4-rump Conglomerate. The
name Shinarump he also applies provisionally to a large group of beds
in which the conglomerate is included.* Tor several years it was
thought very probable that these beds were a part of the Triassic
system, though no positive proof could be cited to sustain that pre-
sumption. In the summer of 1879 Mr. C. D. Walcott, of this survey, at
length found some limestone bands near the base of Powell’s Shinarump,
which seem to establish pretty conclusively their Permian age. But
the fossils so far discovered have only a small vertical range, and lie
near the base of the group. Above them are many hundred feet of
beds which yield no fossils at all. "While some of them are unquestion-
ably Permian, it still remains to find the horizon where the Permian
ends and the Trias begins. The Trias is as destitute of fossils as the
Permian, excepting, however, some which are useless for determining
age. In cases like this the geologist finds himself in trouble. He is
quite sure that he has beds of two distinct ages; and he must, for pur-
poses of discussion, separate them somehow; if not by a natural and
unmistakable dividing horizon, then by an arbitrary and provisional
one, subject to amendment by future rescarch. But he must look very
carefully for a natural horizon of separation. His course of procedure
would be somewhat as follows, Starting, for instance, with those strata
which he was sure were Triassic, he would examine the beds downwards
and finding no fossils would pay attention to their lithological characters.
Finding no marked differencein the beds, and finding a strict parallelism
or ‘“conformity ” in the several members, he would infer that they were
deposited under conditions which were substantially identical throughout
the period of deposition. ‘But if he at length reached a stratum of very
different character, say, for instance, after passing down through a
great series of sandstones and shales, he came to a heavy mass of lime-
stone or a bulky conglomerate, he would have found at last a ‘¢ break”
in the continuity or homogeneity of the group. Here, at last, is some-
thing which he can use. It may or it may not be synchronous with
the dividing horizon used in Russia, England, or Kansas, but it is at
all events not far from it; and it is sowething palpable, distinet, and
recognizable by those who come after him. In this way Mr. Walcott

*TFor the information of the general reader it may be explained that when the
geologist entering a new region discovers a well-defincd gro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>